WO 2009/ 076747 PCT/ CA2008/ 002107 VI RAL POLYMERASE | NHI Bl TORS RELATED

APPLI CATI ONS Thi s application clains benefit of US. Serial No. USSN

61/ 015123yofwesdedecenber 5 19, 2007, which is herein poTaAR0sa02E7 by
reference. FIELD OF THE | NVENTI ON The present invention relates to
conpounds, conpositions and nethods for the treatnent of hepatitis C virus
(HCV) infection. In particular, the present invention 10 provides novel
inhibitors of the hepatitis C virus NS5B pol ynerase, pharmaceuti cal

conposi tions contai ni ng such\RARPOIAVERASEBIAMITOREr usi ng t hese
conpounds in the treatnent of HCV infection. BACKGROUND OF THE | NVENTI ON
15 It is estimated that at |least 170 mllion persons worldw de are infected

wi th the hepgtihtesaspLidaTions( HCV) . Acute HCV infection progresses to
chronic infection in a high nunber of cases, ' i nfected

i ndi vi dual s, Thieraprlieatipeiains bepafibaidd S Serialdya: b’%gg{ ‘i"{/@*r%%ggfé%%b?“%'[}‘&?{ as

ci rrhosi s5andghspat aRRh 4 herinGREHHAIEEB by 2Fe@icsent | y, standard treatnent of
chronic hepatitis € infection involves administration of pegyl ated

interferon-al pha in conbination with ribavirin. However, this therapy is

not effectived B dradieaividiridyy RNA to undetectable levels in many infected
patients and 1s associated with often intolerable side effects such as

fever and ot [T&e prefentiareniionirgiates jorpeBRRUNIE cIMERCSTGRS 20t MEHPSE YA dRni a and

hemol yti ¢ angbfnent Bﬁhéﬂ\%ﬁwﬁrﬂgf, EHCPPRRCHEAY 11 pdrasliadtrairésnt Bvéiion

co-exi sting conditions I C contraindicate this treatnen Therg{:q re, a
on. One

need exi 40s Meavidastneveldnhiitors pthe RepatisfCoyirusdiRal pelumerage Rhprmagey

possi bl e st r aLrYYsitichsAHMHFRg SirScIGRIINES ahdetRUE FOUERG théde @hipdhdy e
antiviral 30 a%eer’:tstwhl ch inactivate viral or host cell factors which are
rEgRime

essential forn réof HEMIPSRtONHCY is an envel oped positive strand RNA
virus in the genus Hepacivirus in the Flaviviridae famly. The single
strand HCV RNA genone is approxi mtely 9500 35 nucleotides in | ength and
has a singl e RASEGRPUMRIPRFHE INYRNTIOMRF) | fl anked by 5° and 1 WO 2009/ 076747

PCT/ CA2008/ 00ad @étimated B at la&tsi7at@flon BEisBRS worldAd&ieNé iffecte@withrtaais| at ed
region is 341 nucleotides in _ . o o

hepatitis C virus (HCV). Acute HCV infection progresses to chronic infection in a

high number of cases, and, in some infected individuals, chronic infection leads to

serious liver diseases such as cirrhosis and hepatocellular carcinoma.

20  Currently, standard treatment of chronic hepatitis C infection involves administration
of pegylated interferon-alpha in combination with ribavirin. However, this therapy is
not effective in reducing HCV RNA to undetectable levels in many infected patients
and is associated with often intolerable side effects such as fever and other
influenza-like symptoms, depression, thrombocytopenia and hemolytic anemia.

25  Furthermore, some HCV-infected patients have co-existing conditions which

contraindicate this treatment.

Therefore, a need exists for alternative treatments for hepatitis C viral infection. One
possible strategy to address this need is the development of effective antiviral
30 agents which inactivate viral or host cell factors which are essential for viral

replication.

HCV is an enveloped positive strand RNA virus in the genus Hepacivirus in the
Flaviviridae family. The single strand HCV RNA genome is approximately 9500
35 nucleotides in length and has a single open reading frame (ORF), flanked by 5’ and
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| ength and functions as an internal ribosone entry site for cap-independent
translation initiation. The open reading frane encodes a single |arge

pol ypr ot ewo 2069/076ta0ut 3000 ami no aci ds which is cl eavedpatr/amzbdsiood®7si t es
by cellular and viral 5 proteases to produce the mature structural and
non-structural (NS2, NS3, NS4A, NS4B, NS5A, and NS5B) proteins. The viral
NS2/ 3 protease cleaves at the NS2- NS3 junction; while the viral NS3

prot ease nedi ates the cl eavages downstream of NS3, at the NS3- NS4A,

NS4A- NS4B, NS4B- NSS5A and NS5A- NS5B cl eavage sites. The NS3 protein al so

exhi bi ts nucBegsi-tgnddted Rt RsECEl naﬁd&ahﬂéﬁedw@orﬂ@ 3¢ tiugliebiides.in The NS4A
protein acts, as rote ssist in the

t

enbr ane. | oo Ry ITHTGIORES SR B PhGRosBI BNty S L s8eneBREiRh: <
Al't Ih_ough stﬁapsldndrhmtuadwf Tﬁ@@ﬁ@hﬂs@ﬁlﬁbélalmé?ér&:odé§9 slnlgleﬂhrgeqmlypm“n@?bs of the
replicase, ir ci es. are_ un is the
el gngat i on §Eﬂﬁrﬁ%588f”"f%%c' 'Plgbﬁ ql%aé’ga BDB%'E'B sﬁ'tﬁaghﬁaugaé' Hdgﬂlt RNA
po![ yneHE:?/s? ( BetRpgses 1S paaitice theymatlieestdetved apaeoh- Sﬁtlct[lml'\(l\m;ﬂj NﬂfﬁeNShAc
anti - re S, 2 ori egcific ngtkibons
casent ial 1 oNSABpNogA: PHHNSFD FhieMian e i Rioeld bR EEpeT 4ihe ivas
devel f)pment g NB:BQUmhlsamIaledhe R NBSperodesd meblidtgschy tieaeses o![own:abn?arﬂﬁf hulman
manmal s, an ac ial to yira
replication, g*@gﬁ%‘b& H\§4§ ﬁly%‘gﬁgﬁ)@i\%§n§s‘§§§€ @%B %Eeaé'fag? 3¥e§et for
anti-HCV t herhamsﬁpro&m dlso basbitsermleoside trighpscletasesdrdaR A helicase nut at | ons
et et SaRiTha Sl b A £ A s e e 1 PR,
]y r oLI 74( A)20é§s|§10§1}~)e m@ﬁ?hﬁel&&ﬁia}iggmmsmasdIoﬂmsnra:lmenﬂmas&ieomﬁortehm gener al

ormul a ; o
optionally s%E%ﬁ'qk\%%?%h%#%h??hgwogeﬂﬂ ?rg % I{}(\A@LFBEPPF%%%SP?%S
7) cycl oal kyl replicasey thentspebifiaradesiarefunkndvar. TheeNSSBeabteimis tiud elblegedibnt i s C

virus infect ISSQUSHI'( of%wo I-QICW?ep% cggé gos%éé;ng? QNA%%R@érQWZonmerase (RdRp)

15 activity.

The development of new and specific anti-HCV treatments is a high priority, and
virus-specific functions essential for replication are the most attractive targets for
drug development. The absence of RNA dependent RNA polymerases in non-

20 human mammals, and the fact that this enzyme appears to be essential to viral
replication, would suggest that the NS5B polymerase is an ideal target for anti-HCV
therapeutics. It has been recently demonstrated that mutations destroying NS5B
activity abolish infectivity of RNA in a chimp model (Kolykhalov, A.A.; Mihalik, K.;
Feinstone, S.M.; Rice, C.M.; 2000; J. Virol. 74: 2046-2051).

25
WO 2007/087717 discloses compounds of the general formula (A):
R’ /XI:[COOH
5
R’ N
0 R’ )
wherein R? is an optionally substituted aryl and R® is an optionally substituted (Cs.
7)cycloalkyl or aryl which are useful for the treatment of Hepatitis C virus infections.
30



SUMMARY CF THE | NVENTI ON The present invention provides a novel series of
conpounds having inhibitory activity against HCV polynerase. In particular
conpoundsweaceavidsTag to this invention inhibit RNA synt ireTica2bos/die7 RNA
dependent RNA pol ynerase of HCV, especially the 5 enzyne NS5B encoded by
HCV. A further advantage of conmpounds provided by this invention is their
low to very | ow or even non-significant activity against other

pol ynmerases. Further objects of this invention arise for the one skilled in
the art fromSuMMaRYalF TEIINMENTEBICT | pti on and t he exanples. 10 One aspect of

the inventio royi ounds of fornmula (1): R3a, R2, X. 5 R3/ NCR
Rb ORG (Pr)”% p&%éee?wgﬁwgl% nipgovgiﬁse%p%e' F?rber%‘g"é’fﬁ‘8°‘§3d51®"iﬁ§ "%ﬁgé\fafd'ﬁ”%ryl,
optional |y sdgsinst HCE@olyntenask. tropditidR4l comrpstindsiatbriingoarie inve 2 ihhibit each

[Gl0 e - EYHeH) A R by SRl b

- E gi_gg a: Ey: @neye NS5BEhc6dex Iky;c/:H-I@\geA:ﬁ‘f(rtrl@) aﬂ%'/acr;ca’gé of compOLéndsI pkrovided by Sthig'

- a : - =0),- o T a ene- O -Gl ene- o- )
(G176 al Kyl Menfeg %h?%r'g-”(t‘&f&é{)l’%"t’?%&?"e &°§®9’ﬁ%ah%‘%'c'i¥ e e S
i nst ance i ndeplynweaselsyF gttee objedtsfof tis iHyentioBhri6e &drktyd ond kRl imtneemytom
C2.6)al k I - , 7 | oal kyl ,

ECS_?% 2ycrgéltrﬁiﬁﬁ%ﬁégggﬁﬁbwg% %g%ﬁﬁ%ﬁgt ?a25yvvherei n the (Cl_6)al kyl,

(C2_6)al kenyl, (C2.6)al kynyl, (C1_6)haloal kyl, (C3_7)cycloalkyl,

Subst turda. st YRR Aot B Rlior ol 10 colect L from - an

-(ClL_6)al kyl (optionally substituted with

R3a
X COOH
R’ N~ R
R(’abo)\Rs
0

wherein:
X is selected from O and S;

15 R%is Het or aryl, optionally substituted with 1 to 5 R?° substituents, wherein R in

each case is independently selected from:

a) halo, cyano or nitro;

b) R’,-C(=0)-R’, -C(=0)-O-R’, -O-R, -S-R”, -SO-R’, -SO,-R’,
-(C16)alkylene-R’, -(C4 ¢)alkylene-C(=0)-R’,

20 -(C16)alkylene-C(=0)-0-R’, -(C,)alkylene-O-R’, —(C,.s)alkylene-S-R’,
~(C+.s)alkylene-SO-R’ or -(C,.¢)alkylene-SO,-R’:
wherein R is in each instance independently selected from H,
(Ci.e)alkyl, (Ca6)alkenyl, (Cy.g)alkynyl, (Cq.¢)haloalkyl, (Cs7)cycloalkyl,
(Csz)cycloalkyl-(Cy.g)alkyl, aryl and Het;

25 wherein the (C1.6)alkyl, (C,.)alkenyl, (C,.s)alkynyl, (Ci6)haloalkyl,
(Cs.7)cycloalkyl, (Cs7)cycloalkyl-(Cy.¢)alkyl, and (C+.¢)alkylene are
optionally substituted with 1 or 2 substituents each independently
selected from —OH, -(C4.s)alkyl (optionally substituted with
-O-(C1.6)alkyl), halo, -(Cy.¢)haloalkyl, (Cs;)cycloalky! -0-(C1¢)alkyl,

30 cyano, COOH, -NH,, -NH(C,_y)alkyl, -NH(C;.7)cycloalkyl,
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-0 (C1_6)al kyl), halo, -(Cl.6)haloal kyl, (C3_7)cycloal kyl , -O (CL.6)alkyl,
30 cyano, COOH, -NH2, -NH(C1_4)al kyl, -NH(C3 _7)cycloal kyl, 3 WD 2009/ 076747
PCT/ CA20080Q0®1006747N( ( C1- 4) al kyl ) (C3_7) cycl oal kyl , - N( ( etT)aabisyio)@d7 aryl ,
-(ClL.6)al kyl -aryl, Het, -(Cl_6)alkyl-Het; and wherein each of the aryl and
Het is optionally substituted with 1 to 3 substituents each independently
selected from 5 i) halo, cyano, oxo, thioxo, imno, -OH -0 (Cl_6)alkyl,

O (Cl_6) hal oal kyl, (C3.7)cycloal kyl, (Cl_6)haloal kyl, -C(=0-(C1_6)al kyl,
-S02(C1_6)al kyl, -C( O)N alkyl 37§3yclt4bﬂ@l M)@e bwk l)z a@h@h ewu(w:éryﬂ}wtkyl )2,
-C(=0) -NH(C3_7) cycl oal (¥) 10 - 3 N((C1l_4)al kyl _7)cycl oal kyl , -NH2,
-NH(C1_4)al kyl , - N((c1Cay a!kMW9tzan NH( C3_7) cycl oal kyI

-N((CL-4)al kyl ) (C3.7) cw%% K¥dh Sthe S S lgmﬂnahwdbstnﬂutéd vifd t &3l kyl
optional Iy substituted with -CH, Oé 1 6) hal oal kyI O (C1_6)al kyl; and
15 iii) aryl or Het, whdpstityenisrachdndaprBdentyselea@difom:i s opti onal Iy

substitutged with hal o 9 hafelcy@hs! & thucﬁd&dmﬁﬂo @HR&)% o)aliyl, =0 - N( R8) R9,
-0 (=0 - N(R$) R9, - S02-N( R8) (€1 6)al y ene: N Eg»
- (C9._6)al kyl ene- C(=0) - N( R8)F©(C1e>lcatqa”§oldpk Fysipal alegeg) Ro, or

-(C1. 6) al kyl ene- SO2- N( R8) R9,C& YMOEH Sk, ts@g(d gﬂau@,) atled)ag, i s optionally

substituted with 1 or substi tuents ‘each ndentl sel ected from - OH,
-(C1_6)al kyl, halo, (01 6PN Eh-4)alkea: Cf‘f@gz (GapRl¥)2 - O (C1_6) al kyl ,
cyano, COON, -NH2, - NH(CLl_4g@dsnH(c: Ne cgﬁgﬂ) cycl oal kyl,

-N((C1_ 4)a|ky|)(CS 7)cyc|oalk 1) 2; 25 is in each

i nst ance’? ndependent |y sel eC@é@N%ﬁ'kyb@wﬁ)’%iP%’g dWE'P "d"d@ﬂ))aﬁ‘\yhl oal kyl ;

and R9 is in each instance LN@epsa tNHeg! togqquromR? -0- (C1_6)al kyl,
-(C1_6)al kyl ene-R7, -S02-R7 @@ﬁm & y N( R8) R7;

wherein R7 and R8 are as def'}‘%%w)%{m%ﬂ)cyq%'kyl or -NBLC(= O)(%(1 4)a?kyl
ii) (Cqp)alkyl optionally substituted with ~OH, -O-(C4.s)haloalkyl, or

-O-(C4)alkyl; and
15 iii) aryl or Het, wherein each of the aryl and Het is optionally
substituted with halo or (C4.¢)alkyl; and
c) -N(R®R® -C(=0)-N(R*R®, —0O-C(=0)-N(R®*)R®, —SO,-N(R¥R?,
-(C+.g)alkylene-N(R®R?, -(C,.q)alkylene-C(=0)-N(R®R?,
-(C1.6)alkylene—O-C(=0)-N(R*)R®, or -(C+.s)alkylene-SO,-N(R*R®;
20 wherein the (C,)alkylene is optionally substituted with 1 or 2
substituents each independently selected from —OH, -(C.)alkyl, halo,
-(Cy.s)haloalkyl, (Cs.7)cycloalkyl , -O-(Cq.s)alkyl, cyano, COOH, -NH,,
-NH(C;.4)alkyl, -NH(C37)cycloalkyl, -N((C+.4)alkyl)(Cs7)cycloalkyl and
-N((C1.g)alkyl),;
25 R® is in each instance independently selected from H, (Cs.¢)alkyl and
(Cs.7)cycloalkyl; and
R’ is in each instance independently selected from R’, -O- (Cy.6)alkyl,
-(C16)alkylene-R’, -SO,-R’, -C(=0)-R’, -C(=0)OR’ and
-C(=0)N(R*R’; wherein R” and R® are as defined above;
30 or R® and R?, together with the N to which they are attached,
are linked fo form a 4- to 7-membered heterocycle optionally further
containing 1 to 3 heteroatoms each independently selected from N, O
and S, wherein each S heteroatom may, independently and where
possible, exist in an oxidized state such that it is further bonded to

35 one or two oxygen atoms to form the groups SO or SO,;
4



30 or R8 and R9, together with the Nto which they are attached, are
linked to forma 4- to 7-nenbered heterocycle optionally further

cont ai ni /yoRown7874het er oat ons each i ndependently sel ect edTicaznosio2107 and S,
wherein each S heteroatom may, independently and where possible, exist in
an oxidi zed state such that it is further bonded to 35 one or two oxygen
atons to formthe groups SO or SO2; 4 WO 2009/076747 PCT/ CA2008/ 002107
wherein the heterocycle is optionally substituted with 1 to 3 substituents

each i ndependent | y Sel ect odkemm (Ehobrabiod s ol Fhp oty 1 i 0. 0xo,
-OH, SH, -O(Cl.6)alkyl, -sicn 6) al kyl ég! %/ NH2,
-NH(CL. 6) al kyl , -N((ClSBQSA' yeyts) éachandsggp t'?f&&?& 685'1% Ciefalkyl,

-N((CL_4)al kyl ) (C3_7) C&S Gl Sdidaity, hafé( o@ (<SH, Bl ky(t, e)amﬁl S(c:1 6?] Ikyl,
-NHC(=0) - (Cl _6) al kyl | I'o, CN,
(C1C£1) al) k§/| 6‘1 yo(@w)syaioew -N'siz (&%@ 556”84 ké’ﬁg )%Jg@ NH?C? 4) al kyl ,

-N H(CG3_7 Cycloal kyl, =MNG NEE é) ,ORVHYAIRyl, -8 Cig)alkyl
-N((C1_ 4)%1| kyl)2; 10 R5 |(scg’w W M(@Ffo, kgbr)((@t (r?)?ysubsxtltl(ﬁ((j 1v3|)at hy O R52,

wherein R51 is (Cl_6) a?RS’/rNH@(;‘?HF@)E'Ik al kyl, (Cl_6)al kyl-(C3_7)cycl oal kyl ,

aryl, (CO_6Ral g¥lana R arelzl@tecwd fﬁcﬁleShabkaN L)a|k91aochRfd-(d>&bm@| aptconal 1y
substltuted Wi th (C1 6)al k

(C1. 6)al kyl - (C8_ 7y)@wrd‘§1*4< H(Caﬁk?'%z"lH%Cs(imC'%ﬁ'?aM'k{>'|((C1f>é§V'9i()Ceg)E¥%%ﬂ”W|
(C1_6) al kyl - (CB 7 by NEe 4?;;(u(y;)zaryl (C1_6)al kyl- 15 aryl, Het or

(C1_6) al kyl - Said ar and Het bei ng opt,i onal |y substi tuted with
(Cl_6)al R% 'sd-?(mor@) k9 tri-sppstjtuted wif ﬂgycl oal kyl ,

(C1_6) al kyl - (C3. 7M)éFéurORF k¥(G1 %ﬁ (CL})Eycﬁlbﬂ(kaY(tm Ryl (C#ﬁiycl@élkﬁl%fi) al kyl -
Het; being optionally substituted with ypstituents each
i ndependent | y K%&%W‘?Wbrﬁ%ﬁ?r 1-s{atiy- U)"’hleﬁgifl‘ R (Reing9Riianally| S stituted

(C3_7)cycl oal kyl » Wit g)él% (c%)éﬁcan%@oﬂ(bgg)lé)kw(@%cfl&gau&) -angy! and
-N(R8) R9; wherein is ad4- to
7-menber ed sat ur aRedis (@m{m,r%@eyww dredalylfes é@WWHWbaWh\(@@a"iyl- to 4

het er oat ggs each 'a[?]ﬁj gtﬁtéﬂgﬁ ﬁg?%%ﬁ%wlraﬂmk%t bgng%gtlé\aw EU@su?u'tec} With

14- menber ed saturate or aromati c hetéropol ycycl e havi ng
wher ever possi bl e (@ eﬁaik)&ioh@t(@n oakdirs, each independently selected fromO,

25 N and S, ey @, Ncfasdil @ehakaEQTbtbalkyl, BAERENIER]ILar ANt HME! Salkyl-
Het; being optionally substituted with 1 to 5 substituents each independently
selected from halo, (C,¢)alkyl, (C4¢)haloalkyl, (Cs.7)cycloalkyl, -OH, -SH, -O-(C;.
20 salkyl, -S-(C1s)alkyl and -N(R®R?; wherein R® and R’ are as defined above; and
Het is a 4- to 7-membered saturated, unsaturated or aromatic heterocycle having 1
to 4 heteroatoms each independently selected from O, N and S, or a 7- to
14-membered saturated, unsaturated or aromatic heteropolycycle having
wherever possible 1 to 5 heteroatoms, each independently selected from O,
25 N and S; wherein each N heteroatom may, independently and where
possible, exist in an oxidized state such that it is further bonded to an oxygen
atom to form an N-oxide group and wherein each S heteroatom may,
independently and where possible, exist in an oxidized state such that it is
further bonded to one or two oxygen atoms to form the groups SO or SOy;

30 orasalt or ester thereof.

Another aspect of this invention provides a compound of formula (1), or a

pharmaceutically acceptable salt or ester thereof, as a medicament.

Still another aspect of this invention provides a pharmaceutical composition

5



possi bl e, exist in an oxidized state such that it is further bonded to an
oxygen atomto forman N-oxide group and wherein each S heteroatom nay,

i ndependewol2go%narsrher e possi bl e, exist in an oxi di zed ®CatcA2sasmio2tohat it
is further bonded to one or two oxygen atons to formthe groups SO or SQ2;
30 or a salt or ester thereof. Another aspect of this invention provides a
conpound of fornmula (1), or a pharnmaceutically acceptable salt or ester
thereof, as a nmedicanent. Still another aspect of this invention provides a

phar maceut i cadonqisipgs thé@peutcalYCeR09 iUkt bf BebhiphaRP8f BRALE (1) o££MPr i Si ng
a t herapeuti cehll eff.eq}i ve Fsr’rqunt of a con;pof;;md of formula (I') or a
phar maceut i cdl 39%43%%‘35? Wiscaertable salf oestertherral 8¢ one AEMAFRPhaMAegUtically
phar maceut i cadccgptablecapiead) e carriers. 5 According to an enbodi nent of this

aspect, the pharnmaceutical conposition according to this invention
additionally conprises at |east one other antiviral agent. The invention

al so provisdesAdchedingste anfensbaplirasntae this asprkt, GRBRSMbEUNcATORARDSTibPed

her ei nabove for Irtc“he ttEeat me\r}t of ﬁ hqb){ati tis Cviral infection in a manmal
having or 1G5l OdR HBF MNEVORAAERenFINFmPriSes atdedst rpmaihenapiviral agent he
invention involves a nethod of treating a hepatitis Cviral infectionin a
manmmal havin r. JL1sk of having the infection, the nmethod conprising
adni ni steri ngrht(:% dn%ggﬁlﬁ%gfovédaefﬁ}ég%%eeﬁﬁ r WC%F@'&MF@S@%@%PG&* logd 15
conpound of fhereindkavé for thatrgdtmentofeLitdpztlis @ visideRtidd e asRdhmar hafigtsr

t her eof , ,gr - LLi.on. thereof as described herei nabove. Anot her aspect
of the iA\g/en'%lt8%9%\%§|n§é§gg¥er?§?%‘od of treating a hepatitis C viral
infection in a mammal having or at risk of having the infection, the nethod

20 conprisin ], N ri . he.m | a.therapeutically effective
armuntrrp of a Q\C@H |rrr}iés§ %gtndfo 'h\(?%ntct)'ﬁﬁbnﬁlﬁgggia r?%f:%qﬁ?rgpe(aﬁ?g B%eagtﬁ'ﬁagm?éeuti cally
accept abl e séifection in e manmealtevingfor atinisk afthalvieg tie infeetion, ey mambyvi ral agent ;
or a conposi t. e : ithin the.,scope.,of this.invention is the
use of gp con%gﬁﬁag'#g?g?ﬂnﬁégﬁ??;mea@ar%%'ag%ecf? edlgaalp(eq?%pwe ghpougt of a
phar maced®i c&pimpoarctefiforanlia (I al thaonaestieally toesptatfle shioor ddie thdreeabngent of a
hepatitis C vprdbsilidH REldoP] Bﬁcﬁbggﬂg}%!ntagaw ng or at risk of having the

ect 0 1S |

i nfection. Another asp nven S\ﬁe'provi des the use of a conpound
of formula (1) as

Another aspect of the invention involves a method of treating a hepatitis C viral
infection in a mammal having or at risk of having the infection, the method

20 comprising administering to the mammal a therapeutically effective amount of a
combination of a compound of formula (1) or a pharmaceutically acceptable salt or

ester thereof, and at least one other antiviral agent; or a composition thereof.

Also within the scope of this invention is the use of a compound of formula (h as
25  described herein, or a pharmaceutically acceptable salt or ester thereof, for the

treatment of a hepatitis C viral infection in a mammal having or at risk of having the
infection.

Another aspect of this invention provides the use of a compound of formula (1) as
30  described herein, or a pharmaceutically acceptable salt or ester thereof, for the
manufacture of a medicament for the treatment of a hepatitis C viral infection in a

mammal having or at risk of having the infection.

An additional aspect of this invention refers to an article of manufacture comprising a

35  composition effective to treat a hepatitis C viral infection: and packaging material
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30 described herein, or a pharmaceutically acceptable salt or ester
thereof, for the manufacture of a nedicanent for the treatnent of a
hepati ti swG200wmEb747nf ection in a rmammual having or at ripsh/a200s200210g t he
infection. An additional aspect of this invention refers to an article of
manuf acture conprising a 35 conposition effective to treat a hepatitis C
viral infection; and packaging material 6 WD 2009/ 076747 PCT/ CA2008/ 002107
conprising a |abel which indicates that the conposition can be used to

treat infect ldblmprlléiﬁ tahébélﬂ@@hllﬁdléat& ¥iak the: coMpRERbA chiBe PRSIkt iﬂﬂsctlon
conprises a nBOEEF??EOf formul a %%accor ding to this invention or

phar maceut i c iy® QDY'ré'Ss‘%iﬂ’Qre@rt §?"6P°9t'tl?@r°@6fpr'5§3 SFP'I”POWM@W% pect
of this invenhiaesortiblgas s ivermtiolr B%aﬂﬁadeﬂh&éﬂ&%b&@)téﬁ?@sél?@és?épﬂ‘\é?gof()f

hepatitis C virus conprising exposing the virus to an effective anount of
the conmpound of fornmula (1), or a salt or ester thereof, under conditions

wher e replbi Caﬁtlll(alnoth@f asjrpabf thlen\)@ntlcbrf #é$até§to' drktpiol %@rnhﬂeﬂmﬁ‘{'ﬁé lté%ﬁcétleﬁ lopded
in the scope, 0 ﬁhel nvention is the use of acon&? formul a ), or
a salt or estn?lp U ¥igts CWrisml%P?s'?%@erVérHFF%%ﬂ? tiye aW@b‘éthftthes C virus.
DETAI LED DES(Eah'Iﬁ'BUﬂhb%rrﬂ'lth(lb NYENEIt ONestBetheriok iupasr é&dﬁi@né‘ﬁ/ﬁgrehéﬁlﬁ:‘aﬁon the
fol |l ow ng def | ti an 2:1 apg % Enl eq,lss otherwi se noted: The term "substituent"”
as used herel 3?17} B WS ! B Pited-ed ot her wi se, is intended to nmean an
atom radical or group which may be bonded to a carbon atom a heteroatom

or any other formpart of a nolecule or fragnent 20 thereof,
whi ch” wod p “ﬁ*ﬁ?wmgag%de'ng%%met%ﬁﬁmvwe? IsHhe URS 8f B GRAPAHNEAT formula

Subst i t uent s (corteesaitlcriestdr therddigo ahiietké rélicationn® Gicpatiis ligeul e or fragment
thereof are those which give rise to chemcally stable conpounds, such as

are recogni zed by those skilled in the art. 25 The term"(C, _n)al kyl" as

used herein, Dman_ebmEscmsnendFmt@gwEm&N her alone or in conbination with
anot her radi IS intended to nean acyclic, straight or branched chain
al kyl radi cal EHIﬂ"zi"l ning from1 to n carbon atons, and includes, but is

not | i mitsed AstusedBihsH, thefodtbing Eéﬂ'ﬁb’dns(dbpl?r&@ékbthéﬂ%é( hofeB: but 1) ,
1-met hyl et hyl (iso-propyl), 1-methylpropyl (sec-butyl), 2-methyl propyl
(iso-butyl), 1,1-dimethylethyl (tert-butyl), 30 pentyl and hexyl. The
gbbr evi at i on Tie téiﬁﬂ@hl@ﬁltl%nﬁgéﬁh&eoglié?éh? ,anEtuniégggﬁ&??ﬂ&Irbtﬁ‘érmé'g isGhtaMEd tBT
enotes a prq r enotes @ et rou u denotes a
P npgén a% a or‘% radlrcal or group which may be%onde to agcarbgn atom, a
heteroatom or any other atom which may form part of a molecule or fragment
20  thereof, which would otherwise be bonded to at least one hydrogen atom.
Substituents contemplated in the context of a specific molecule or fragment thereof
are those which give rise to chemically stable compounds, such as are recoghized

by those skilled in the art.

25 The term “(C.,)alkyl” as used herein, wherein n is an integer, either alone or in
combination with another radical, is intended to mean acyclic, straight or branched
chain alkyl radicals containing from 1 to n carbon atoms, and includes, but is not
limited to, methyl, ethyl, propyl (n-propyl), butyl (n-butyl), 1-methylethyl (iso-propyl),
1-methylpropyl (sec-butyl), 2-methylpropyl (iso-butyl), 1,1-dimethylethyl (tert-butyl),

30 pentyl and hexyl. The abbreviation Me denotes a methyl group; Et denotes an ethyl
group, Pr denotes a propyl group, iPr denotes a 1-methylethyl group, Bu denotes a
butyl group and tBu denotes a 1,1-dimethylethyl group.

The term “(C+.n)alkylene” as used herein, wherein n is an integer, either alone or in

35 combination with another radical, is intended to mean acyclic, straight or branched

7



butyl group and tBu denotes a 1, 1-dinethylethyl group. The term

"(C, _,)al kyl ene" as used herein, wherein nis an integer, either alone or
in 35 cowbizo@vd7éTd7wi t h anot her radical, is intended toPOoEaA2esy0Lioc,
straight or branched 7 WO 2009/076747 PCT/ CA2008/ 002107 chain di val ent
al kyl radicals containing from1 to n carbon atons and includes, but is
CH3 CH3 CH3 not limted to, -CH2-, -CH2CH2-, H -CH CH2 and CH3 The term
"(C2_n)al kenyl", as used herein, wherein nis an integer, either al one or
in 5 conbi nghinm@ivaichbalRyloadiedls Easthibmly frons1 tdh eased atoms@aNnandey) satisr at ed,
acyclic straight or branched chain radical containing two ﬁo n carbon
atons, at least two of which are bonded to each ot her by & 'doubl e bond.
Exanpl es of such radicals include, s are rgW, |imted toc—et henyl
(vinyl), 1-propenyl, 2-propenyl, and_é_butenyll Unl ess speécified

ot herwi se, thg IFn%fe’&i‘to(@%Qﬂ)-@HW " i unders GH6HT 0 enconplss 10

i ndi vi dual stereol sonmers where possible, including but not limted to (E)
and (Z) isoners, and mxtures thereof. Wen a (C2_n) al kenyl group is

substituted, tht tdr “(Gﬁn(}’élkéwtypoé% bdRr&H R drEiH S 2R Thiédty, SREPABn&bAm t her eof
whi ch woul d otherw se bear a hydrogen atom unless specified otherw se,

such t hat 5t heowbipatien with arcthgrupgicalgisyendeddomean amgsrtiatey, asyelisl e

conpound, SU%ﬂa@ﬁt GHioRarlcREQIRAIR BLHIRY cbhaPMobhd A€albbn alomd, I&?Ieﬁétttwo-glf'e term
"(C2_n)al kynyl ", as used herein, wherein n is an integer, either alone or

in combi nat Mighare Rorgdesttaeach aiier By a dpuble ko de@mpiesrt sHchuiadisaSat ur at ed,
acyclic strajdilie, Bt ah;é ﬁ&qm@dq@@tﬁbﬁyp@lnwh ﬁ:‘éﬁéﬁvl . mpéﬁw dr@ Do gékypon

atoms, at |east two of are by a tripl'e bond.
Exarrpl es of é’dj‘!ﬁ?sﬁaﬁ?'?ﬁﬂ %‘h?%%ﬁ@temﬂ)d@ d?'ée%t's vnmrﬁ@adﬁ%en@mwﬁw
1- propynyb, afdw&wguéreo|s@ﬁsérslwhwemx£.blev\henudag bh%m)rﬁtle&y&@) aBleaAp is

substituted, it is understood to substituted on any car atom t her eof

whi ch woul d BOREr%iagd nydresiherpal M\ﬂ'@rﬁ‘ HtCom alkpnvEereur t?e‘éibﬁ'té@d bieher wi se,

such that thengétbebltaibé elnbmdio@hwﬁcerrb&eatbm tAeicbBehieR Wolid tirdvRe 25
conpound, such as are recogni zed by those skilled in the art. The term

" (C3_m cycl oaPRyA PYHERISIHRAMn Bt PeRITES e HEe Sugh thah theguipstiteiomueuid| one or

in conbinat g8 rigk tdra 3RerhidaNly $ta¥sle eampolrid, bOHEANSE réebghEan b tHke sRBE K
substituent _containing from3 to mcar bon atonms and includes, but is not

limted {9, Bpr opyl ,

The term “(C..,)alkynyl”, as used herein, wherein n is an integer, either alone or in
combination with another radical, is intended to mean an unsaturated, acyclic
straight or branched chain radical containing two to n carbon atoms, at least two of
20  which are bonded to each other by a triple bond. Examples of such radicals include,
but are not limited to, ethynyl, 1-propynyl, 2-propynyl, and 1-butynyl. When a
(Cz.n)alkynyl group is substituted, it is understood to be substituted on any carbon
atom thereof which would otherwise bear a hydrogen atom, unless specified
otherwise, such that the substitution would give rise to a chemically stable

25  compound, such as are recognized by those skilled in the art.

The term “(Cs.m)cycloalkyl” as used herein, wherein m is an integer, either alone or in

combination with another radical, is intended to mean a cycloalkyl substituent

containing from 3 to m carbon atoms and includes, but is not limited to, cyclopropyl,
30  cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl.

The term “(Cs.m)cycloalkyl-(Cy.n)alkyl-" as used herein, wherein n and m are both



30 cycl obutyl, cyclopentyl, cyclohexyl and cycl oheptyl. The term
"(C3_mcycloal kyl -(C, _n)al kyl -" as used herein, wherein n and mare both 8
WO 2009/ W6 24d/(PEH/ CA2008/ 002107 i ntegers, either al onecorcA2nosponiornati on
with another radical, is intended to nean an alkyl radical having 1 to n
carbon atons as defined above which is itself substituted wth a

cycl oal kyl radical containing from3 to mcarbon atons as defined above,
and includes, but is not limted to, cyclopropyl nethyl, cycl obutyl nethyl,

cycl opent yl I
22 cyel opr opgﬁﬁ&%gr? eltﬁe eotlf;l‘?l’f%rﬁﬁlhgﬁﬂn gl@h %cfiﬂé&ﬁ{é&@éﬂ lgliﬂ?éﬂded to mean an

1- cycl opent ya@vlﬁgqﬂcali\awg|169@rﬁayb@tai9ms aidéwdoa’@x? M@tq)ﬁm itsaifpupstituted
cycl ohexyl et fth o YEAK#A ré&é’amﬁt}émk@%wbt& frlcaMcH Mbhs o8'dRHRd eaoos/ubﬁrtd tuted,

it is understood'that” substituents may be attached to either

th
cycl oal kyl oinctudes.giukisi not pipited @nclqum%ihy'bwcl?but!ﬁm%ﬂ %@ewtvlwthyl

ot herw seg chT&%xynﬁfemyn ataglcuop&ﬁ;yré&@d zft%usbwa,pynethtjh@rcyabmgemgl pn
conmbi nati on wth anot radi cal , d a car clic

aromatic rmnét%}%hlit)detbk"ohﬁyc&ﬂﬂ‘aﬁ'%h%gz W%ﬁbﬁﬁthyéﬂocﬁ‘ﬁ‘%*y&im{*rﬁ? e further
fused to a serMHéxyethQl WHaRBIRS! ﬁgc@akm@mbukﬂ @rb%l?ssdﬂ@htﬁi%d”ﬁ)é be

aronmatic, saturated of unsaturat des, is not limted to,
15 phenyl, i HBdgfgtood FMéwt‘tu%iﬁmﬁhP%? ached i githen e CYP@?W&‘Wm%ﬂhﬁht hyl and

di hydr onapht BYtion Hefedier BbthaliMbsd Spbciib@lotidhwiseas used herein, wherein n is
an int eger either alone or in conbination W|th anot her radi cal , 1S

I nt ended Qo mean an al kyl radical having 1 to n 20 carbon atons as defi ned

above which irge 'térﬁﬁ‘h?yl”sdé%ba hatehtl enhértigHe iy borhBiflhiicH w.&sardﬁiérm&ﬁcaabgve
Exanpl es of aryl-(Cl n)al kyl- include, but are not |imted

phenyl net hyl intduiesye weamam@mw@tcmmatwﬁﬁwpmwp a%alalﬁeﬁﬁa&%pw When

an aryl - (Clazphdy Jsrybh wﬁ?%rfum%rﬁ%atw b@b@awd 5. torBSnéiﬂS&é&EQ%cﬁdﬂ@broup
substltuents ma ached to either e ar ortion

t her eof or ¥‘ ”EFWI kesarorislicspiusgted ?5“'&?%‘érﬁtﬁdséry ' *Fﬁ'é—:‘d?% PH < H@f Pm'é?sd Bsed

her ei n, esthgﬁera,ll nglr indBny OTthagiaky ONniHiY | agedHyafonapth@ahd i s 1 ntended
to mean a 4- to 7-menbered saturated, unsaturated or aromatic het erocycl e

having 1 to 4hye¢PefREMANs each |ndependently selected fromO, N and 30 S,
or a 7- to 14-nenbered saturated, unsaturated or aromatic heteropolycycle

havi ng whereyer possible 1 to 5 hetero tons, each indepe ntI sel ect ed
from g The tgfm “aryl-(Cy. n)alky? as used hergin whérein n'is anrllnteger er atone or in

combination with another radical, is intended to mean an alkyl radical having 1 ton
20  carbon atofns as defined above which is itself substituted with an aryl radical as
defined above. Examples of aryl-(C,.,)alkyl- include, but are not limited to,
phenyimethyl (benzyl), 1-phenylethyl, 2-phenylethyl and phenylpropyl. When an
aryl-(C.,)alkyl- group is substituted, it is understood that substituents may be
attached to either the aryl or the alkyl portion thereof or both, unless specified

25 otherwise.

The term "Het" as used herein, either alone or in combination with another radical, is
intended to mean a 4- to 7-membered saturated, unsaturated or aromatic
heterocycle having 1 to 4 heteroatoms each independently selected from O, N and

30 S, ora7-to 14-membered saturated, unsaturated or aromatic heteropolycycle
having wherever possible 1 to 5 heteroatoms, each independently selected from O,
N and S; wherein each N heteroatom may, independently and where possible, exist
in an oxidized state such that it is further bonded to an oxygen atom to form an N-
oxide group and wherein each S heteroatom may, independently and where

35 possible, exist in an oxidized state such that it is further bonded to one or two oxygen
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N and S; wherein each N heteroatom may, independently and where possible,
exist in an oxidized state such that it is further bonded to an oxygen
atom to fworm@m7d7oxi de group and wherein each S het er eatran20wy002107

i ndependently and where 35 possible, exist in an oxidized state such that
it is further bonded to one or two oxygen 9 WD 2009/076747

PCT/ CA2008/ 002107 atons to formthe groups SO or SO2, unl ess specified
ot herwi se. Wien a Het group 1is substituted, it is understood that

substi t uent s gfeys G0t th@cdn&@bst@o aNPOG AINRRS sfsé@fad Sthem@dee VaRENTHEN @S f
whi ch woul d ot herw se bear drogt n atom unless specified otherwise. 5

The term " HetS guestitied) i ““deé?é RopHrents mpy s atleshediodny icatPosRir wi se,

wherein n i grAdtetdatdl Hered® WhitBrwallPBiBeiisd Pedt @MHYdYeh @for Urilesgnot her
radical, is |ntended to.mean an al kyl radical having 1 to n carbon atons

as defined aBBYRIIGHIRPIWSS i tself substituted with a Het substituent as
defi ned above. Exarrpl es of Het-(Cl_n)alkyl- 10 include, but are not limted

to, thienylmeth Furyl met h plperldlnylethy r|d|nlrreth

3-pyridi nyl mﬂ“ﬁ%rm E‘%é‘?i r&ﬁ"ﬁ@ ﬁ%t’ﬁ?ﬂ er&\ﬁ‘l%ﬁ‘élqnﬁﬁﬁl"%ﬁ; OtBW‘%%é’hP‘i%“ When
a Het - (Cl_n) & &Vihteg8F @iRer soreldrSH bbiAgkion witH Snoteles&itANas irtdrfed 3y Bidaht uent s
may be attached to either the Het or the al&éﬁ?ﬁfgortl on .t hereof or both,

uni ess speci fn&kY rgeicarhaving 1 to egrleon apmsag fRaye which js ise! f1er einis

intended to gpEdlitfed WitRh Hit slbSitdedt B dEMHRIBOVE | Banfiestst ¢ét{e! fiky-and
unl ess specified otherw se, either alone or in conbination w h anot her

radical, Ws insusiedeet areneidinite to, thiepyimethyinfisymgthyb Pwsidipdetsy, 2unsat ur at ed
or aromatic B?ﬁcﬁrﬁyﬂﬁé!tﬁble&%?mlﬁyhﬂb{hgl hrpgmlﬂylmetr&l aahsrr%tr&;w an8 #dike.

i ndependent |y selected fromO or .a nonoval ent radical derived by

removal of a %BEH%@&‘KY{’I%QL@HF éhbst@t%ﬁw'%n%ﬁrstg%wahéhﬂtéhts@y@

i nclude, but peafigcHiRito e!tﬁ@rttﬁQHbPortﬁé%Fded’r‘t%n R¥FebPb( %tﬁ%nle%@"sbf&h@r of uran,
t et rahydrot hi ophene, thiazolidine, oxazolidine, pyrrole, thiophene, furan,

pyrazol e, i mcH®P¥P® i soxazole, 25 oxazole, isothiazole, thi azol e,
triazoleqstetrazole, piperidine, piperazine, azepine, diazepine, pyran,
1, 4- di oxane, _4-nor pholine, 4-thionorpholine, i di ne, ridine- N—OXI de,
pyri dazi ne, PYEiMhbetemAtom a5 vieed hafein isiatenged é\/ﬁ‘ﬁ%ﬁ ﬁe§é’fg|cycl es:

The term "heterocycle” as used herein and unless specified otherwise, either alone
or in combination with another radical, is intended to mean a 4- to 7-membered

20 saturated, unsaturated or aromatic heterocycle containing from 1 to 4 heteroatoms
each independently selected from O, N and S; or a monovalent radical derived by
removal of a hydrogen atom therefrom. Examples of such heterocycles include, but
are not limited to, azetidine, pyrrolidine, tetrahydrofuran, tetrahydrothiophene,
thiazolidine, oxazolidine, pyrrole, thiophene, furan, pyrazole, imidazole, isoxazole,

25 oxazole, isothiazole, thiazole, triazole, tetrazole, piperidine, piperazine, azepine,
diazepine, pyran, 1,4-dioxane, 4-morpholine, 4-thiomorpholine, pyridine,

pyridine-N-oxide, pyridazine, pyrazine, pyrimidine, and the following heterocycles:

200 O

b 1

/’\
SN

and saturated, unsaturated and aromatic derivatives thereof.
30
The term “heteropolycycle” as used herein and unless specified otherwise, either
alone or in combination with another radical, is intended to mean a heterocycle as
10



CN V' \ NeNT I NS S\ S\9%N \\ NJ M~IN O/ \0 and and saturated,
unsaturated and aromatic derivatives thereof. 30 The term "heteropol ycycl e"
as used hwoene/mE@sm7unl ess specified otherw se, either aComeA2008/00m107
conmbination with another radical, is intended to nmean a heterocycle as 10
WO 2009/ 076747 PCT/ CA2008/ 002107 defi ned above fused to one or nore ot her
cycle, including a carbocycle, a heterocycle or any other cycle; or a
nonoval ent radical derived by renoval of a hydrogen atomtherefrom

Exanpl es of gufdbd W08 ARRLXS ¥he éﬁmbféé?étHQeoyclt%UﬁwclﬁHiﬁg'&CBarbdc!yHéta?d to, indole,
i soi ndol e, benzi m dazol e, benzothi ophene, benzofuran, 5 bénzodi oxol e,

benzot hi azol BSteERAYABION ABY othebeFien 8T # mEnovalpmragieal dierked Ringmonal of Bol | owi ng
het er opol ycy @l @egeratom tNeran'NEk'athI%b%ucﬁ%t&‘ob&%&yﬂeylrﬁs’ﬂﬁe BitGreabur at ed,

unsaturated and aronmatic derivatives thereof term "hal 0" as used

herein is i nfi@Hedtp, trlS*OFFe&ﬁ'”QO'ﬁaPQ@é'ﬂ'd%%%tbief‘éféth*PP'@%'leeE?Wf“rﬁ'F ,om f | uoro,

chloro, bsomeRsodidkdR, bdmRtHigion, qlifrolind), RALGRbKE, na[ﬁ'ﬁh)h'@ﬁfé Bef @en, wherein n
is an integer, either alone or i n combi nation with another radical, is
i ntended to fRYSWINGeiaRNOVGYSEPcal having 1 to n 15 carbon atoms as defined

above wherein ope or nore hydrogep atonms are each replaced by @/Qalo

substi tuent. rrpl es q:f (Cl n) ahoal kyI Nncl ude buf are not mped to

chl or onet hyl , oeth y i C mhy me hy om)et

di br onoet hy! . Fo .- di f I\or trlfl /orre hyI f oet hyl
S

and dlfluoroeth

1 b

and saturated, unsaturated and aromatic derivatives thereof.

10  The term “halo” as used herein is intended to mean a halogen substituent selected

from fluoro, chloro, bromo or iodo.

The term *(C,.n)haloalkyl” as used herein, wherein n is an integer, either alone or in
combination with another radical, is intended to mean an alkyl radical having 1 to n
15 carbon atoms as defined above wherein one or more hydrogen atoms are each
replaced by a halo substituent. Examples of (C,_.,)haloalkyl include but are not limited
to chloromethyl, chloroethyl, dichloroethyl, bromomethyl, bromoethyl, dibromoethyl,
fluoromethyl, difluoromethyl, trifluoromethyl, fluoroethyl and difluoroethyl.

20  The terms “-O-(Cyn)alkyl” or ’(Cs.n)alkoxy” as used herein interchangeably, wherein n
is an integer, either alone or in combination with another radical, is intended to mean
an oxygen atom further bonded to an alkyl radical having 1 to n carbon atoms as
defined above. Examples of -O-(C4.,)alkyl include but are not limited to methoxy
(CH30-), ethoxy (CHs;CH,0-), propoxy (CH;CH,CH,0-), 1-methylethoxy (iso-propoxy;

25  (CH;),CH-O-) and 1,1-dimethylethoxy. (tert-butoxy; (CH3);C-O-). When an
-O-(C1.n)alkyl radical is substituted, it is understood to be substituted on the
(C4.n)alkyl portion thereof.

The terms “-S-(C.)alkyl” or “(C1..)alkylthio” as used herein interchangeably, wherein
30 nis aninteger, either alone or in combination with another radical, is intended to

mean an sulfur atom further bonded to an alkyl radical having 1 to n carbon atoms

as defined above. Examples of -S-(C.,)alkyl include but are not limited to methylthio

11



20 The ternms "-O(Cl_n)al kyl"™ or"(C, _n)al koxy" as used herein

i nterchangeably, wherein n is an integer, either alone or in conbination
wi t h anotwenoessdsmal , is intended to mean an oxygen at eoTfaabdsan2ioonded to
an al kyl radical having 1 to n carbon atons as defined above. Exanples of
-0 (Cl_n)al kyl include but are not limted to nmethoxy (CH3O ), ethoxy
(CH3CH2O ), propoxy (CH3CH2CH2O-), 1-nethylethoxy (iso-propoxy; 25
(CH3)2CH O ) and 1, 1 -dinethylethoxy (tert-butoxy; (CH3)3C-O). Wen an

- O (G, _n) al ky(CH>84] ethyithics(CHABSLSY Lﬁrepylthlot(crﬁCHm;se)t QQQethﬂethﬁtrﬁ&bst ituted

on the C1 al k r n The

"(Cl_n) al( kyl R?fOBm%é{'gP égggﬁghgﬁam{] r@ﬁﬁt}?&@@%\two UW%@P@#%‘! @:y(b"shcr%) -an

i nteger, eitHaheatS(@ pakyi nadmmmraﬁbkﬂﬁeu\fdbha@llvﬁmé%ofaﬁféhlfé@'ﬁn is intended
to mean an sulf ao further a radi cal having 1 to n
carbon at ons g? &{ié)la W{nad'ﬁﬁlo%r@n E@ag‘ﬁ ”&Jkyd)fadm@' uksjitstecy Ba¢higl ude but are
not |initéd tundeestdod tbibecubstitied 3AGX @ Gjétki! ;E&Q&Tdrﬁﬁa&%/ 002107 (CH3S-),
ethylthio (CH3CH2S-), propylthio (CH3CH2CH2S-), 1-nethylethylthio

(i sopropylthio; (CH3)2CH S-) and 1, 1-dinmethylethylthio (tert-butylthio;
(CH3)3C-S-). THAVtelmn “dRo( & ustoetidesih is iathinaad to MEaBn BXygdhZesh @ﬁééh‘éattb &e

t hereof, suc | ky or.an -S02-(C, _n)alk

radical, is gu sn ﬂ?@aa%géwu%@ %Wg%st?%d =Pb be substituted on t he

(C, _n)al kyl portion thereof. The term "oxo" as used herein is intended to
mean an t ached t ar.bo tomas a substituent by a double
bond (= Oﬁ 6yg ﬁé@éﬁ'h{q taﬁlugig%er%n 'ﬁé’gan(r?@at&”??qnsa $yfuepigERtiashedig® a sul fur
at om attacheetathmnaatomastammbamtomtm addblesiontyesy. by a double bond (=S). The
term"imno" as used herein is intended to nean a NH group attached to a
carbon atom as a substituent by a double bond (=NH). 15 The term "cyano" or
"CN' as used Therteim‘imiol as esetidteréin |mwmdadmmé@:germragr@up afthdrrghed to a

ot ended o ResinsiRaE ST o BB SN0 11 i o vl I known To one
skilled A the art that carboxyl groups may be substituted by functional
Qont orpl at ed 8 o SV LR s ite st 5 R e Rt kg BoTest or s,
anm des, i m defacheldde amiachamctals by phoglpibvond (Cad) ds, phosphoric aci ds,
tetrazol es, triazoles,

The term “COOH" as used herein is intended to mean a carboxyl group (-C(=0)-OH).

20  Itis well known to one skilled in the art that carboxyl groups may be substituted by
functional group equivalents. Examples of such functional group equivalents
contemplated in this invention include, but are not limited to, esters, amides, imides,
boronic acids, phosphonic acids, phosphoric acids, tetrazoles, triazoles,

N-acylsulfamides (RCONHSO,NR,), and N-acylsulfonamides (RCONHSO,R).

25
The term “functional group equivalent” as used herein is intended to mean an atom
or group that may replace another atom or group which has similar electronic,
hybridization or bonding properties.

30  The term "protecting group” as used herein is intended to mean protecting groups
that can be used during synthetic transformation, including but not limited to
examples which are listed in Greene, “Protective Groups in Organic Chemistry”,
John Wiley & Sons, New York (1981), and more recent editions thereof, herein
incorporated by reference.

35
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N-acyl sul f am des (RCONHSO2NR2), and N-acyl sul f onam des ( RCONHSO2R). 25 The
term”functional group equivalent” as used herein is intended to mean an
atom or woao/bar nmay replace another atom or group WeCERCArems/®2107| ar

el ectronic, hybridization or bonding properties. 30 The term "protecting
group” as used herein is intended to nmean protecting groups that can be
used during synthetic transformation, including but not limted to

exanpl es which are listed in Geene, "Protective Goups in Oganic
Chem stry", John Wley & Sons,--New York (1981), and nore recent editions

t hereof, her ey fglldﬁﬁ%[}?gl?ﬁeﬁgn by sﬂsgaﬁ"ﬁsub?’f%rr%&ay\@ iggiggt/eg 6%?{%\1@%?1 to

PCT/ CA2008/ 00210 ' om ng designhation 1s used I nh’su

i ndi cat e t he iDeprhegtsddh the @St:@‘rthemomumsmeénedast of the nol ecul e as
defined. The term"salt thereof" as used herein is intended to nmean any
acid and/or base 5 addition salt of a conpound according to the invention,
i ncl udi ng butThederm i'salttteereefd ag usgrhberainde intérclet ity meeo @py atitl @nd/at bageher eof .

The term' phaéd&%ﬁ‘é%ft%ﬁé LY Wﬁ@ q‘ﬁ'\ggtglt@e m@éntféﬁeﬂdﬂﬁ Wﬁ'bﬂhﬁo% nf»n'ﬂégfded to

mean a salt of a conp oun nt1on “Tn the
scope of sourﬂi‘a"m@C%m'W@lcc?Rj@@ﬁéﬂﬁthesemftabI e for use in contact with the
ti ssues of humans and |l ower aninmals w thout undue toxicity, irritation,
allergic response, and the |ike, commensurate with a reasonable
benefit/risk khetesn “nj*@ﬁéa%ﬁumwlkxm&ptdwle stll’-asolseth herepy is intersqeelrts inEam,a and

effective forgjfiheh oinBbeASLoHRS to tHE invEREBN AGEH iR e 8 H‘ kY-
PR o g nvEndor hic

acceptabl e acid addition sa ar naceu | y-accep ase
addi ti on '8al tedigat judgsest, stitahlg toaywnsca:lntas:t witle thiedisades Whumnsandmwee S. M

Berge et al. aninalflahddt urlle toxnci]tgml ah@ﬁ a"BE%'C%eI égnsehgﬁ g}% “k(gcor porated by

reference. The term "pharnmaceutically-acc i'on salt" as
used herein |C§mmﬁf‘§HE?éQJW'ﬂﬁ 8 rﬂ@@ﬁabIﬁ@éef%lﬁ stighg@rterallytvediter arled-sbiubleayi cal

ef f ecti venessjigyackimg, Oé?ﬁréffeEt?’veofBr {hBR mté%lefdrlﬁ@ PASR5m A0 ﬁﬁan‘?JcSH{E% ly-

bi ol ogi cal |y or otherw se undesirable, formed with inorganic acl
i ncl udi ng butacheRtable gridadditien galts ancdwharmacettically- awqptabledpmse additien saltsul furi c

aci d, sulisaniigstaei itablbsbit€adGbthd RNBSBRMAIS, m ée@é%ttah% 'Fihgﬁn sad‘d Ofga”' c
aC|ds i ncl udi ng_but not limted to acetic acid, trifluoroacefic aci
adi pi ¢ acid, 19£E€. 85 pe. 1-19, herein incorporated by reference.

The term “pharmaceutically-acceptable acid addition salt” as used herein is intended
to mean those salts which retain the biological effectiveness and properties of the

20  free bases and which are not biologically or otherwise undesirable, formed with
inorganic acids including but not limited to hydrochloric acid, hydrobromic acid,
sulfuric acid, sulfamic acid, nitric acid, phosphoric acid and the like, and organic
acids including but not limited to acetic acid, trifluoroacetic acid, adipic acid, ascorbic
acid, aspartic acid, benzenesulfonic acid, benzoic acid, butyric acid, camphoric acid,

25  camphorsulfonic acid, cinnamic acid, citric acid, digluconic acid, ethanesulfonic acid,
glutamic acid, glycolic acid, glycerophosphoric acid, hemisulfic acid, hexanoic acid,
formic acid, fumaric acid, 2-hydroxyethanesulfonic acid (isethionic acid), lactic acid,
hydroxymaleic acid, malic acid, malonic acid, mandelic acid, mesitylenesulfonic acid,
methanesulfonic acid, naphthalenesulfonic acid, nicotinic acid,

30  2-naphthalenesulfonic acid, oxalic acid, pamoic acid, pectinic acid, phenylacetic
acid, 3-phenylpropionic acid, pivalic acid, propionic acid, pyruvic acid, salicylic acid,
stearic acid, succinic acid, sulfanilic acid, tartaric acid, p-toluenesulfonic acid,
undecanoic acid and the like.
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acid, aspartic acid, benzenesulfonic acid, benzoic acid, butyric acid,
canphoric acid, 25 canphorsulfonic acid, cinnamc acid, citric acid,

di gl uconiwoaecdy7emrhanesul fonic acid, glutamc acid, glPgratA2008202187

gl ycer ophosphoric acid, hemsulfic acid, hexanoic acid, formc acid,
fumaric acid, 2-hydroxyethanesul fonic acid (isethionic acid), lactic acid,
hydr oxymal ei ¢ acid, malic acid, malonic acid, mandelic acid, . .
mesi tyl enesul foni ¢ acid, nethanesul fonic acid, naphthal enesul fonic acid,

ni cotinic aciTthe féﬂnmembbélﬁicglwdeb@me%a@éIaddutu@%@élt @sdsbdhefRpRi ¢ acid,
pectinic acid epg {W%cet | F ﬁ? pr. O'pl oni c atC| d, pivalic acid,

pr opi oni ¢ aci AN gatoge S§£ﬁ ‘f‘"@9h gtaig thepiologicalafiestivenpss and prepeities aci d,
sul fani | i c acofdhe frés béits an@@hidh ape h&t B@é@ééﬂzfoﬁeih%n@% UndesHBBIECRAREFWRST d
and the like.. 13 WD, 2009/ Olpgmg PCT/ CA2008/ 002107 The term

" phar maceut | ¢3P1BFMS RSP A6 yEnotdgnites fnargaiopia of he Ryskionids. atponate, or

i nt ended ts0 nmeenbbﬂimsefa&inbﬁluvmm(‘ahmé%u aatldnistien Eé@bd]gﬂncﬁétaéﬂuﬁrﬁ%hu\(ﬁness and
properties of the free aci ch are not bi ol ogi cal x¢or ot herw se

undesi rabl e, FPHBITALRGSUM. rﬂ"(S’Pg%{?l? (9°B%1‘°sre@af‘9ﬁﬂel§81 ?{kjmlS‘HE“ #Hkthefikg-ted to
amoni a or t rmrhmdarty)qdrdierredardamaaahﬁnorﬁum%??]s‘sﬂjnﬁ)%atuﬁw Qfalc@mﬁlri]gg 3:}1 al Fon.

I t h a lithium calcium mg
Tine, copper, TSI SR SAbs AR TAM AhaampsadlCaly e e b SrOAP IR ed ar o
t he ammoni umbqse!;a&iudarnut smdwﬂmm:t@caiocs!duﬁbf Mary%ﬁﬁ&érwan%%ﬁhﬁ anhésS
deri ved from §r nmaceut.i cal | acce%})}b @8@8 ani c nont oxi c bases i ncl ude but

are not | 1% tHFIFEY A GamrRUng PSS inglHefng aturaly peaiinges, 10
quat er nary ansubstitotedpzoinets cyﬁlulaaﬂmeltsbarﬂcbaamlm‘—éxdﬁégbélﬁbm Q@dh%sﬁ' | ye esins.
occurrin ut ed ,anm..n cli m.nes . a asj ¢ i on-exchang
such as gm&*t h@%&}#%‘fe 8%‘?@%'& ﬁ\ 1IR% JILeHITIAR ne,
di et hyl am ne, trlethylamtrieyIsapnopyelamir&omﬁmylammaer;bmw%rpnh@féhthﬁﬁmé}ﬁmet hano!
tributyl am ne i et e - di m noet hano
2 i oty am i fARRSRNET B tafathPaRad 2 d6ty fefneehatoy SRRt ne.
caf f ei ne 15hydysxtamgmne dididineecaffatteahydrabarhing | chofek, datai, gtkgleﬁé@léﬁmene

t hyl gl ucam ur S erazi ne, eridj ne
2:? hy?/plgper i dldr}?cos%'n% W@f”a?ﬁﬁ’mﬁ Ehﬁ%é’ﬁ%g% wHENe% pr!%é%m?y PREHAT I¥n
conmpounds, pyathydpiperiding, tétrdm%yllanhraomuhmrménpkiumﬁ Ittty RIMrAlbiem
N- net hyl i xyl ne en am.ne, _
N, rrI\I-Edl %eg;f)%%“ﬁ ys1’ gk%@{n@%’?‘[ﬁé%rﬂg‘ﬁ@ﬁﬁ“lﬁ%e ’\}Z)@e@;h‘Qeﬂﬂ'ﬁ@n@y”l‘eékﬂmf’@ﬁemeam ne,
pol yam ne r egiigyslobexylanhiee | dittemzylBamirte] Nt,Nl-drbleplzwreheihmedwmé)ﬁga"plnteraarﬁmgt oxi C
bases ar %O' SWNO&XéMeﬂ%ien%d%%hr)(e %n‘fyamineertegﬁsn (a)n<'§Jl {ﬂe’]&é Particularly preferred

organic nontoxic bases are isopropylamine, diethylamine, ethanolamine,

trimethylamine, dicyclohexylamine, choline, and caffeine.

The term “ester thereof” as used herein is intended to mean any ester of a

25  compound according to the invention in which any of the -COOH substituents of the
molecule is replaced by a -COOR substituent, in which the R moiety of the ester is
any carbon-containing group which forms a stable ester moiety, including but not
limited to alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heterocyclyl
heterocyclylalkyl, each of which being optionally further substituted. The term “ester

30  thereof” includes but is not limited to pharmaceutically acceptable esters thereof.

?

The term “pharmaceutically acceptable ester” as used herein is intended to mean
esters of the compound according to the invention in which any of the COOH
substituents of the molecule are replaced by a -COOR substituent, in which the R

35  moiety of the ester is selected from alky! (including, but not limited to, methyl, ethyl,
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trinmet hyl am ne, dicycl ohexyl am ne, choline, and caffeine. The term"ester
thereof” as used herein is intended to mean any ester of a 25 conpound
accor di ngvoaotdeeidmvent i on in which any of the -COOH sulpstridAzersi®2wf t he
nol ecul e is replaced by a -COOR substituent, in which the R noiety of the
ester is any carbon-containing group which forns a stable ester nviety,
including but not I|imted to al kyl, alkenyl, alkynyl, cycloal kyl,

cycl oal kyl al kyl, aryl, arylalkyl, heterocyclyl, heterocyclylalkyl, eash of
whi ch bei ng optopwn&ineihyietnyl e f-dgodtbylethyit leatyl); Hiexyakyninasdiedg, b3Onsthiatieaf

. ' > . . bl ¢
The. ter m » phaTReRbpmEhf dol SaBRTFRRELE, F& nlirREEE8 ER R aniala « o
mean esters @icludﬁw,(butnpxmlintiiedm);bediyli)gam/tmlemejl '(img@dmag',(blut hdt leztﬁg{f?,aﬂgn?f }Ee
[ . ace - ] ,
O, SUbSL B ol PSSR Sy FRLBRES D) S T T .
not |imted twith haogen, (Cedail or (C4)aWOxP (MBEOSREBIE 86T EAODBLAG HLOEsign
But mot 11 m 1 20 oy BsRhbasiarH R Sicer o osbe Pes PR b sleeRes
linited to acStchyhaenbsduticalyrackaptialie es(eirmaﬂeudhalgl,hybtdlyzadtri]n \l/ii/cbﬁwh@?ht |Oj .
; | 03 i i t limted to, enox yl); an
aryl (1 netut RpeeR o st e Bt Bine YR AR oo B BRI e 5 v ¢
hal ogen, (Cl1_apcatdind todhe (n@antibnal\kthxggar@iditie estdrs dedczibes bbsve, aaBsde found in

oy 1o er oo, N seRtARBaR Ao b s kil e8ena 30 b ately ™ "

by reference. arnaceudt’ cC _ 1
hydr ol yzed i retoingonoleeuieferalyet tosicarhom ammeasmabrybmdiety mrasdrv insdhiegteds t he

idf f [ t > nti.on. Wth regard to the
2glt er sotrzlcransgr [ rgﬁra@ove,i %ﬁ g?@%ﬁ g?)‘?ﬁé%vé e'ts}gc'“'slép}\éﬁel %?tgﬁ,m%ynliﬁ %f(%;ﬁP a%}Si ety
present pref esigsl §n voesubaiitnted benayl EStecalra)bmzyaesmssubmuutedm;‘itefat{)elabi ghel to 6

b t ) ary| i e i rs preferably conprises
oo o elr YO B 85 R PR AT

a phenyl group. e esters nma (C1_16)al kyl ester, an
unsubstit®t ed benzyl ester or a benzyl ester substituted with at |east one

hal ogen, (C1 k » Nt rpirifluoronethyl. 15 The term
nal ogen, ( CL Al maiihr GkARkR el 8l L DL HOLRTEAN. ol
non- human marfeatNGh vammats whisie erst susteptibte torrifectiondy HepatiteCivirds. Slof Vi r us.

non- hunan MR ARAREIIRCI0ME b@sfe RAIinitedltd BmbQicIIRAL! G ARLIR)S, such as

imals, s a WS, .
COoWws, pi gs, horses, 0gs, cats, S, rafs an CE; 254 AR SRYBonest i ¢
ani mal s. pigs, horses, dogs, cats, rabbits, rats and mice, and non-domestic animals.

20
The term “treatment” as used herein is intended to mean the administration of a
compound or composition according to the present invention to alleviate or eliminate
symptoms of the hepatitis C disease and/or to reduce viral load in a patient. The
term “treatment” also encompasses the administration of a compound or

25  composition according to the present invention post-exposure of the individual to the
virus but before the appearance of symptoms of the disease, and/or prior to the
detection of the virus in the blood, to prevent the appearance of symptoms of the
disease and/or to prevent the virus from reaching detectible levels in the blood.

30  The term “antiviral agent” as used herein is intended to mean an agent that is
effective to inhibit the formation and/or replication of a virus in a mammal, including
but not limited to agents that interfere with either host or viral mechanisms necessary
for the formation and/or replication of a virus in a mammal.

35  The term “therapeutically effective amount” means an amount of a compound
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20 The term"treatnent” as used herein is intended to nean the

adm ni stration of a conpound or conposition according to the present

i nvent i orwoao@ld7emrate or elimnate synptons of the hepatrida2sos@oziiozease
and/or to reduce viral load in a patient. The term"treatnent” al so
enconpasses the adm ni stration of a conpound or 25 conposition according to
the present invention post-exposure of the individual to the virus but
before the appearance of synptons of the disease, and/or prior to the
detection of adverding teghé mvehtnbivbied wHef a@V§Biaditd @ pREORAN ABSEhefeos YETPt OB

of the disease.and/or,.t reve the virus fromreachin etectible | evels
in the bl ood.® |e|rﬂéo ?fé‘?ﬁ%{rgﬁmﬁn\gfof g|sea§eéﬁt?fqésa%°q9§@85’l‘f’érdéﬁ%Fajqr ?r%gﬁd% to
mean an agentcdniyadunis haef Gteiot i Siehtan dnfiduinbivbultibe sutficigit toaslic B Kblogical or
replication of %Cvirus in not, limted to agents

mral ,. includin ut
that interfer®@® ?Iﬁe%qotnﬁgpﬁﬂg%ue&yé@h el g%i?@ﬁ@ﬁ?éﬁ@“%@é?srﬁ??ﬁm'?%ort he
f or mat i on sanddliniciane Alhecatoumin oftd cempduridsaccordingrta iigihverdion Whicht hBtitutes a

"therapeutically effective. amunt"” ans an apount of a conpound 15 WO
2009/ 076747 aﬁ’b‘?‘%&ﬁ%ﬂf@@‘/ 6%62”'1'6@7”88%%’}‘”'@?’% degen ?'h%‘éﬁ%‘tf??)tﬂfsr%&ﬁ%h when
adm ni st er ed ¢ampoupdiandits biobgiuze detivitg tieotompssitiodfstd ¢dremitistraaibh epé
treatment for,di e-states, conditions, or. disorders for which the
conpounds havt'enqéuﬁﬁaqsnf"?/'.s f f?@hth%{oﬁtﬁoohﬁgm\'ﬂb%ﬁa O'?Jéﬁ% ?Pf:?’@lzﬁt'of‘(?% Cicit the
bi ol ogi cal orcompeuindahe desgtiomsttheftreatniérs Shie typp f Bi¥easy-stpRtdreliorddn dking S

sought by..a r ror clinician. The. appunt of a ¢ und accordi ng
to the i nk?entf%ﬁggw%bg'ks Sce(\)/ﬁg% qrﬂg%gseéﬂntcRggglaggﬁ WERPY 5P ‘f%%chy\y\@thg]?ﬁ)unt will
vary dependi ngpnmousde bf thadiventoraand e ageo bpdyuneigiatngendral Heilth, @k aad diet

activity, the itiQn,us for.admpistration, the ime of

adnmi ni strat i oorf,(fﬁ%%?e%u?%mo% %gﬁr%%m'csaﬂ}‘ Sﬁ?ci'ﬁ,e amanfr%}eo#etf%rmeé’t%we&f t he
conpound, t hebychneaifioodinarf skithén the edtharing redere td pe oah kdbwiedge tsé etaie ¢ir

di sorder bei e its severity, drugs used in conbination with
or coi nci den?g?%ﬁ’ %/{n{cﬁﬁ%t sé:mg{)eﬁpounds of the invention, and the age, body
wei ght, déneral health, sex and diet of the patient. Such a

t her apeuti cal f i anpunt can be determned routinely by one of
ordi nary ski I'%"\éfeﬁ etcﬁée:'%le’lér‘&"heg@f ng regard to their own know edge, the state
of the art, latik folidveing psdéresigrabodirhefts efroupeshdestipettuems osthertokipeuh@ | owi ng
preferred enboqqgr%fét@, groups and substituents of the conpounds

R3a
X COOH
R3 N/R5
R3b o Rs
(N

20 are described in detail.

X:
X-A: In one embodiment, X is O.
X-B: In another embodiment, X is S.

25 X-C: In another embodiment, Xis O or S.

Any and each individual definition of X as set out herein may be combined with any
and each individual definition of R%, R, R®, R® R® R°® and R® as set out herein.
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of fornmula (1): R3a R2x COON 5 N'R R3 #3b 0 Rs (I) 20 are described in
detail. XX X-A: In one enbodinent, Xis 0. X-B: In another enbodi nent, X
is S. 25 weGnvatemmnot her enmbodi ment, X is 0 or S. Any amdT&achsiooeiovi dual
definition of X as set out herein nay be conbined with any and each

i ndi vidual definition of R2, R20, R3, R3a, R3b R5 and R6 as set out herein.
16 WO 2009/ 076747 PCT/ CA2008/ 002107 R2: R2-A: In one enbodinment, R2 is Het
or aryl, optionally substituted with 1 to 5 R0 substituents, wherein R20
is as defi neoR’raerei n. R2-B: In another enbodi msnt R2 is Het wherein Het is
a 5- or 6- éEd 5 heteroc cle2 cgﬁtal ni ng 1 to 3 heteroatons eagh

[ ndependent I i 8(96“@(?"9908% goarylpprtipnglly Wbsﬁwt%é’h'ﬁb?@@ Bl cyclic

het er opol ycycl e codilpaiitems, \hhér@m RB° RedsefcfrtPREreaCch i ndependently sel ected
fromO, N and S wherein Het is ggtlonally substituted with 1 to 5 R20

substituents, Rmﬁéﬂéﬁ”ﬁth@@mpgd'%“ﬂ isdet wheseiaHet isj)5rgr-6ememberadot her
embodi ments, R is Hﬂ.@érolé‘ﬁ% &Srﬁ'alhfﬁ%ﬂt@ 341e§§ro:—§%6m§ e%ﬂ%éﬁ&wo%ﬁﬁ;@é rTJI;)cf’cedf om

het erocycl e cont ai ni ng roat ons, ere
bicyclic heter opo@y@?&@'é %"h?a‘i’rnT%'@embéﬁed?'wci*?eft‘%?r@af’%%'e GanEiRng Tiet s

optionally substij h'ét@l‘i)a‘l’é!nﬁé“eé'chﬁﬁ?dé’peﬁ@&t@‘é@%ierdqﬁﬁﬁ ®, NVg?\‘ar§'\Aﬂ1eFQIQH'e§lsas

defined herein. R2-D: | n another nb0|rre R2 is Het selected fromthe
fol | owi ng for nul as°Pt'°E§"|DSSPSt@JteWN'th\1S°I§I R2\ sulgtm.@nts whein-RRN inegdgfined C1GN /
INNNNTI / . herein.

10 R2-C:In another embodiment, R? is Het wherein Het is a 5- or 6-membered aromatic
heterocycle containing 1 or 2 N heteroatoms, or a 9- or 10-membered bicyclic
heteropolycycle containing 1 or 2 N heteroatoms; wherein Het is optionally
substituted with 1 to 3 R substituents, wherein R® is as defined herein.

R2-D: In another embodiment, R? is Het selected from the following formulas:

@O@@@@@@
SivisieeiediNes)

wherein Het is optlonally substituted with 1 to 3 R? substituents, wherein R2°

15

is as defined herein.

20  R%E:In another embodiment, R? is Het selected from the following formulas:

Qo QoA

= |
NS
N

wherein Het is optionally substituted with 1 to 3 R? substituents, wherein R?
is as defined herein.

25  R2-F: In another embodiment, R? is Het of the formula:

X

_—~N
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and wherein Het is optionally substituted with 1 to 3 R20 substituents,
wherein RRO is as defined herein. 20 R2-E: I n another enbodinent, R2 is
Het sel eawedodwwemsrhe followi ng fornulas: /S I | \ | ~PCT/CA2bb800214TIK N~
and C N wherein Het is optionally substituted with 1 to 3 R20
substituents, wherein R20 is as defined herein. 25 R2-F. In another
enbodi nent, R2 is Het of the fornmula: N 17 WO 2009/ 076747

PCT/ CA2008/ 002107 wherein Het is optionally substituted with 1 to 3 R20

substituents, V‘her\@rﬂé?elmt id &t@ﬁalﬂ@%@l‘ﬁ&eﬁ%tﬁ'ﬂo FR® QubdtRuerO Whelein R?
enmbodi nent , R2|s of the fornul a: wherein R21 i's as defined:

R21-A: In this ent®asdefined Rpainj s sel ect ed from H hal o, (Cl_6)aikyl,

(C1_6) hal oal 8) hal oal kyl . R21-B: In this
enbodi nent Iiki}ﬂilellég{ﬁ g%@%ﬂ%&%ﬂ Rai%f'ﬂ%fo% , CHF2, CF3, cyclopropyl,

cycl obutyl and -OCF3. 10 R21-C. In this emb&di ment, R21 is H, CHF2, CF3 or
cyclopropyl. R21-D: In this enbodiment, R21 is H or CF3. RZ1-E: In this
enbodi nent, R21 is CHF2 or CF3. R21-F. Inp-t enmbodi nent, R21 is CF3; and
R20 is as defined herein. 15 Any and eac| i ndli vi dual definition of R21 as
set out herein may be combined wth 3gpy ch individual definition of
X, R20 R3 R3a R3b, R5 and R6 as set

5 wherein R*' is as defined:

R*¥.A:  In this embodiment, R* is selected from H, halo, (C1s)alkyl,
(Cy.s)haloalkyl, (Cs.7)cycloalkyl and -O-(C4¢)haloalkyl.

R¥-B:  In this embodiment, R?' is selected from H, Cl, Br, CH;, CHF,, CF;,
cyclopropyl, cyclobutyl and -OCF,.

10 R¥-C:  In this embodiment, R* is H, CHF,, CF;or cyclopropyl.

R?¥-D:  In this embodiment, R*' is H or CFs.

R¥-E:  In this embodiment, R?' is CHF, or CF..

R?'.F: In this embodiment, R*' is CF3;

and R is as defined herein.

15
Any and each individual definition of R*' as set out herein may be combined
with any and each individual definition of X, R?, R?, R® R®, R® and R® as set
out herein.

R2-H: In another embodiment, R?is a group of the formula:

20
wherein R?is as defined herein.
R%I: In another embodiment, R? is naphthyl or phenyl, the phenyl being optionally
substituted with 1 to 3 R wherein R? is as defined herein.
R2-J: In yet another embodiment, R? is phenyl optionally substituted with 1 to 3 R?
25 wherein R? is as defined herein.

R2-K: In an alternative embodiment, R%is a group of formula:

18



out herein. R2-H In another enbodinent, R2 is a group of the fornula: CF3
20 R20 N wherein R20 is as defined herein. R2-1: In another enbodi nent, R2
i s napht hwb 2009/0bmnyl , the phenyl being optionally subgcirtaxesdosetoh 1 to 3
R20 wherein R20 is as defined herein. R2-J: In yet another enbodi nent, R2

i s phenyl optionally substituted with 1 to 3 RYO 25 wherein R20 is as
defined herein. R2-K: In an alternative enbodinent, R2 is a group of
formula: 18 WD 2009/ 076747 PCT/ CA2008/ 002107 R21 R20 wherein R21 and R20
are as defined herein. R2-L: In another eghodinent, R2 is a group of the
formula: CF3 R20 5 wherein R20 is as defined.herein. R2-M 1|n anot her
enbodi ment, R2 is phenyl or Het, all beingoptionally substituted with 1
to 3 R20 substituents, wherein R20 is ag ined herein; and Het is a 5- or
6- membered aromatic heterocycle contai 1 or 2 N heteroatons, or a 9- or
10- nenber ed bicyclic heteropolycycl 8 contdining 1 or 2 N heteroatons. 10
R2-N: I n anot her enbodi npnt i S ef Het wherein Het is selected
fromthe follow nvéh? 8Pﬁl argd E%gr@g{a%ﬂ?/ed&ﬁ{aﬂd N7 77\ Nwherein R2 is
optional 'y suRbLilhwhetherbmbodimient, B* 29 gmupof iHelfemiwa: wherein R20 15 is as
defined herein. R2-O In another enbodi rre(g_.t R2 is phenyl or Het wherein
Het is selected fromthe .

R
5 wherein R is as defined herein.
R2M:In another embodiment, R? is phenyl or Het, all being optionally substituted
with 1 to 3 R? substituents, wherein R? is as defined herein; and Het is a 5-
or 6-membered aromatic heterocycle containing 1 or 2 N heteroatoms, or a 9-
or 10-membered bicyclic heteropolycycle containing 1 or 2 N heteroatoms.

10 R%N:In another embodiment, R? is phenyl or Het wherein Het is selected from the

following formulas:

=

NS
N

wherein R? is optionally substituted with 1 to 3 R% substituents, wherein R?
15 is as defined herein.
R2-0:In another embodiment, R? is phenyl or Het wherein Het is selected from the

following formulas:

s 8 N X
(j/ <\j/ \\M/ |/N m/

&S
~
N
20 wherein R?is optlonally substituted with 1 to 3 R* substituents, wherein R?
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following formulas: SSC)N | Np NN~/ ffN N and 20 wherein R2 is
optionally substituted with 1 to 3 R20 substituents, wherein RRO 19 WO
2009/ 076 ™6 2MST7€A2008/ 002107 i s as defined herein. R2PET/dA20088021@MO0t her
alternative enbodinent, R2 is selected fromthe group: R21 R21 Zo and R
zo N R wherein R21 and R20 are as defined herein. 5 R2-Q In yet another
alternative enbodinent, R2 is selected fromthe group: CF3 CF3 R 20 and
R20 N wherein R20 is as defined herein. Any and each individual definition
of R2 as set out Bexsalefinediieres. conbi ned with any 10 and each i ndi vi dual

definition okzX, R3 b, R5 and 2as_set t herein. R20-A:
R20-A: In ong én@%??rg% l %fﬂ%%ge ?2"1%8@71585% 6srﬁe§e°§?8ﬁ3rlngbe 8WdRo or nitro;
15 b) R7, -C(=0-R7, -C(=0 -0 R/R*"-OR7, -S-R7, g8B80O R7, -S02-R7,
-(C1_6) al kyl ene-R7, -(C1.6)al kyl ene-C(=0) -R7, Cl1_6) al kyl ene-C( =0 - O-R7,
-(C1.6)al kyl ene-O-R7, -(Cl.6)al kifhene~S-R7 , - al kyl ene- SO R7 or
-(C1. 6) al kyl ene- SO2- R7; wher ei ,nst nce i ndependently
selected fromH, 20 (Cl_6)alk (£2_6) al kenyl\( 6) al kynyl ,
(C1_6)hal oal kyl, (C3_7)cyclfoal kyl, (C3aki&cloal’kyl-(Cl1.6)al kyl, aryl and
L gher el n L1e (ol @ikl red G2 D) IS M| 2 ©) a1 Ky

5  R%-Q:In yet another alternative embodiment, R? is selected from the group:

CF,

RZO

wherein R? is as defined herein.

Any and each individual definition of R? as set out herein may be combined with any

10 and each individual definition of X, R¥®, R?, R*®® R*®, R® and R® as set out herein.

R*-A:
R%.A: In one embodiment, R% is selected from:
a) halo, cyano or nitro;

15 b) R, -C(=0)-R’, -C(=0)-0-R’, -O-R’, -S-R’, -SO-R’, -SO,-R’,
~(C16)alkylene-R’, -(C4.)alkylene-C(=0)-R’,
-(C1.g)alkylene-C(=0)-0-R’, -(C1)alkylene-O-R’, —(C1.¢)alkylene-S-R’,
~(C+5)alkylene-SO-R’ or (C,.)alkylene-SO,-R’;
wherein R is in each instance independently selected from H,

20 (Cr-e)alkyl, (Coe)alkenyl, (Ca.s)alkynyl, (C4.6)haloalkyl, (Cs.7)cycloalkyl,
(Cs.7)cycloalkyl-(Cq.g)alkyl, aryl and Het;
wherein the (C..¢)alkyl, (C2s)alkenyl, (Cy.¢)alkynyl, (C1.¢)haloalkyl,
(Cs.7)cycloalkyl, (Cs.7)cycloalkyl-(Cq.6)alkyl, and (Cy.¢)alkylene are
optionally substituted with 1 or 2 substituents each independently

25 selected from —OH, -(C)alkyl optionally substituted with
-O-(C1g)alkyl, halo, -(Cy.g)haloalkyl, (C,;)cycloalkyl , -O-(C1)alkyl,
cyano, COOH, -NH,, -NH(C,.s)alkyl, -NH(Cs.7)cycloalkyl,
-N((C1_4)a|kyl)(C3_7)cycloalkyl, -N((C1.4s)alkyl),, aryl, -(C4.¢)alkyl-aryl, Het,

20



(C3_7)cycloal kyl, (C3.7)cycl oal kyl -(C1_6)al kyl, and (Cl1_6)al kyl ene are
optionally substituted with 1 or 2 substituents each independently 25

sel ect ed woamy/@bt47- (CL_6) al kyl optionally substituted wcrlcA2@s(00i08) al kyl ,
hal o, -(Cl.6)hal oal kyl, (C3_7)cycloalkyl , -O(Cl_6)al kyl, cyano, COCH,
-NH2, -NH(Cl_4)al kyl, -NH(C3_7)cycl oal kyl,

-N((Cl 4)al kyl) (C3_ 7)cyc| oal kyl, -N((CL_ 4)a| kyl)2, aryl, (Cl 6) al kyl -aryl,
Het, 20 WD 2009/076747. BQAIM%&OMO? -(C1_6)al kyI and wher ei n
each of the aryl and Het I's optionally substituted w

substituents each i ndepwhefeintgaghobthecand@ndHstis ‘?F)t'oﬁﬂlyoWbEWﬁtﬁS W'th"d° % hi oxo,

imno, -O4 -O(CL_6)al Mstltuéntsg’a(:ﬁ:%d@bg?déhﬁ géﬂbcteé %m7) cycl oal kyl,
(C1l.6)hal oal kyl, -C(=Q-(Cl1_6)alkyl, -S02( w%d -C(=0) - NH2,

2C(=0)- NH(CL_4) al kyl h@-qsaem:@xa)taw%mlwo - malky, c3 _7)cycl oal

kyl, C(=Q-N((Cl_4)al kyl)(%?d ?‘rﬁlc%ﬂykl(d) %Nd% &1—4 kgl kyl, 10
- N((Cl 4)al kyl)2, -NH(C3_7)cycloa é I (C3 )cycl oal kyl or
-NH C(=0) (C1_4)al kyl; ii) (c@(ﬁ%(%@aﬂwbrﬁ rz{&ms)glkxlu fi-dted with - oH,

-0 (C1_6) hal oal kyl, or -O (&= @)m j4)a|@’ldcl(:kd))).N@CyJ)a| h,Het, wherein each
of the aryl and Het is optionall 3/ tituted wth halo or (Cl_6)alkyl;
and ¢) -N(R$)R9, -C(=0) - N RHFFO Nd@(&@fbﬂwm)m -S02- N(R ) R9,

(CLB) A kyl ene- O 0 20) - N R8) R R T R 1 &9 e e
the (C1_ 63/ Ql kyl ene is opti oneﬁ‘f((ciﬂ‘t)ﬁlﬁgtl'w{%d)%f’ﬁ kel, or 2 20 substituents

each i ndependently sel ected Iy N felclBirdl oY INHIREOY(C. ) alk
“(C1 6 hal oal kyl . (3. 7) cyel ot ks 3%1)83% it @)(14&%

NG M alkyl N D) el wnonauw@@fué)ﬂaw%w%c@ "opepakrign - and
-N((C1-4)al kyI)2 R8 is in eagfc ﬂmyarg,;,g i ndependent|y selected fromH,
i

(C1_6)al kyl and 25 (C3.7)cycl oal
i) aryl or Het,

erein each of the aryl and Het is optionally
15 substituted with halo or (C4.s)alkyl; and
c) -NR¥R®, —C(=0)-N(R¥}R? —0O-C(=0)-N(R*)R®, -SO,-N(R¥R?,

-(C1.6)alkylene-N(R®R?, -(C1.¢)alkylene-C(=0)-N(R®R?,
-(C1.6)alkylene—O-C(=0)-N(R*R?, or -(C,.¢)alkylene-SO,-N(R?*)R®;
wherein the (C,)alkylene is optionally substituted with 1 or 2

20 substituents each independently selected from —OH, -(C4)alkyl, halo,
-(Cqs)haloalkyl, (C,.7)cycloalkyl , -O-(C1.¢)alkyl, cyano, COOH, -NH,,
-NH(C,,)alkyl, -NH(Cs.7)cycloalkyl, -N((C+.4)alkyl)(Cs.7)cycloalkyl and
-N((C1.0)alkyl)z;
R?is in each instance independently selected from H, (C.)alkyl and

25 (Cs.7)cycloalkyl; and
R? is in each instance independently selected from R’, -O- (C1.¢)alkyl,
-(C1e)alkylene-R’, -S0O,-R’, -C(=0)-R’, -C(=0)OR’ and
-C(=0)N(R*R’; wherein R” and R® are as defined above;

or R® and R?, together with the N to which they are attached,

30 are linked to form a 4- to 7-membered heterocycle optionally further
containing 1 to 3 heteroatoms each independently selected from N, O
and S, wherein each S heteroatom may, independently and where
possible, exist in an oxidized state such that it is further bonded to
one or two oxygen atoms to form the groups SO or SO,;

35 wherein the heterocycle is optionally substituted with 1 to 3
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RO is in each instance independently selected fromR7, -0- (CL.6)alkyl,
-(C1.6)al kyl ene-R7, -S02-R7, -C(=0-R7, -C(=0)OR7 and C(=0 N(R8)R7;
wher ei n RYOa2n@/R874ar e as defi ned above; or R8 and R9, t egeidanosworte7t he N
to which they are attached, 30 are linked to forma 4- to 7-nenbered

het erocycl e optionally further containing 1 to 3 heteroatons each

i ndependently selected fromN, 0 and S, wherein each S heteroatom nay,

i ndependently and where possible, exist in an oxidized state such that it

i s further bonded to %%sﬁaeﬁt&@a&xme@&r@bm@sé&té&ﬁmk@ﬁe)amups SO or SC2;
35 wherein the heterocycle is optionally substituted wt

1 WO
2009/ 076747 PCT/ woosﬂ@a@ﬂeﬁvalkﬂdﬁﬁ@ |<txeerr&>'§ Yac P (Crdapehdicr-palkyel ect ed
f C1_6) al kyl Cl | nHhal Cl. 6) al kyl
TS0 oy akyt a7y Aok IR N 2, e o e §”d*ky*)9( (o e al k1) 2,
-N H(C3_7) cycl oal kyT, Kltk(@m)wysma[kyh )N((% 4)@)'%5@&%)5%‘9@ i @((-6 (Ecvaksylal kyl

and - NHC(50 - (C1_ 6) aI KYdd ﬁg@(B@) d. '[her enbodi nent, R20 is selected
from 7777Z -C(=0-R & - (CL. 6)a|ky|eneR

- (C1_6) al ky| dRieE O)IDRnothe(@'mb@;I@en riései(ee@)”@m? -(C1. 6) al kyl ene- O R7,
-(CL. 6) al kyl ene- S-\R7; = i (ce 6%@@% t 7
selected fromH, 1 (%1 6? %230 i E(é?g)al'kﬂéﬁé‘ﬁ ¢1 QE@‘( b)(R

(Cl_6) hal oal kyl , (C3.7) @@baﬂmlenpw( 0()@R’7) tqn@)adiqlemfo (%1 (G) aalkxlene &1 and
T (Lo S o S
(C1.6)al kigl ene ar e 0pt(CﬁlEialkvly(Qazld)@ékelnvlu(Q‘zd)aHxYﬂﬁ (C1ethalRalib&rtauenalkyleach
wih -0 (CL yalky . narsrord B Ha A e o BB Ve Poal iy e
-O(Cl_6)al kyl, cyano, wr@ﬂmthe W)alkmeﬁlalmgrul k@d.s)alkyri (3. F)adx;alﬂybal kyl,
NG (5T L by BLSH AL EL b B g
optional ly substituted agtibhaly sUbstButeduMbt‘hQraeemﬂostthWheacfdlepermﬂﬂanﬂlyy

sel ected 1f5r om selected from —OH, -(C)alkyl optionally substituted with

-O-(C1¢)alkyl, halo, -(Cq¢)haloalkyl, (Cs7)cycloalky! , -O-(C4.g)alkyl,

cyano, COOH, -NH,, -NH(C_y)alkyl, -NH(C37)cycloalkyl,

-N((C1.4)alkyl)(Cs.7)cycloalkyl, -N((C+.s)alkyl), aryl, -(C4.5)alkyl-aryl, Het,

-(C16)alkyl-Het; and

20 wherein each of the aryl and Het is optionally substituted with 1 to 3

substituents each independently selected from:

i) halo, cyano, oxo, thioxo, imino, -OH, -O-(C.¢)alkyl,
-0O-(C.¢)haloalkyl, (Cs.7)cycloalkyl, (Cq.s)haloalkyl,
-C(=0)-(C6)alkyl, -SO,(C16)alkyl, -C(=0)-NH,,

25 -C(=0)-NH(C_s)alkyl, -C(=0)-N((C+4)alkyl)a,
-C(=0)-NH(Cs.r)cycloalkyl,
-C(=0)-N((C4.4)alky)(Cs7)cycloalkyl, -NH,, -NH(C,_4)alkyl,
-N((C14)alkyl),, -NH(C37)cycloalkyl,
-N((C1.4)alkyl)(Cs.7)cycloalkyl or -NH-C(=0)(C1.4)alkyl;

30 ii) (Cie)alkyl optionally substituted with —OH, -O-(C4.s)haloalkyl, or
-O-(Cq¢)alkyl; and

iii) aryl or Het, wherein each of the aryl and Het is optionally
substituted with halo or (C,¢)alkyl; and
c) -N(R®R® -(C,.c)alkylene-N(R*R®, -(C1.)alkylene-C(=0)-N(R®*)R®, or
35 -(C+.¢)alkylene-0O-C(=0)-N(R®)R?; wherein the (C,.)alkylene is
22
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I ) halo, cyano, oxo, thioxo, imno, -OH -0 (CL.6)alkyl,
-O (C1_6) hal oal kyl, (C3_7)cycloal kyl, (Cl1_6)hal oal kyl, -C(=0O-(C1_6)al kyl,
- S02( C1_oyeal2kga76H4C( =O) - NH2, 25 -C(=0)-NH(C1_4) al kyl,  PCT/CA2008/002107
-C(=0 -N((Cl.4)alkyl)2, -C(=0O-N H(C3.7)cycl oal kyl,
-C(=0) -N((C1l_4)al kyl)(C3_7)cycloal kyl, -NH2, -NH(C1_4)al kyl,
-N((C1_4)al kyl)2, -N H(C3_7)cycl oal kyI -N((C1_4)al kyl ) (C3_7)cycl oal kyl or
-NH-C(=0O (C1_4)al kyl; 30 ii) (C1_6)al kyI optionally substituted with -OH,
- O (Cl1. 6) hal oal kyl, or optich4lglubgtalty with ang 2I9ulb}st|tad§rytb e@ch Hﬁépen&bﬁﬂyel n each

ofthearlandHetlso | | ubst.i ut | ;
and ¢) -N{RS)R9 ~(CL_ 659 %fpfa XQ{‘ES&R@& %%065‘; %52‘8’?&& ﬁ%@ﬁzgfy
30001 076747 PLTI CAo008) GORIAT W““’“‘%m* PN, 4?"6"" (rsoeasloaRR o
Wi t or

substituents each mdepg'zé lk}f&%é aél\é/l %ﬁ#«éﬂaky)m _6)al kyl, hal o,

- (CL. 6) halsoal kyl , (C3- Ry éa”ﬂhkbfétance m&ép(eﬁaier&)yzﬁeléﬁed fEINRAID(C, gamw and\H2,
-NH( C1_4) al kyl , -NH(C3 7) cycl oal k g(Cl _4)al kyl ) (C3_7) cycl oal kyl and
-N((C1_4) al kyl )2 5 R8 is inCe EHQ{ arl@’ e i ndependently selected fromH,

(C1_6)alkyl and (C3. 7)R%f§ueﬁ\+d@/ésR7aMe% RSisdgfdeneed asovB7, wherein R7 is
as defined above; or R8 and R9 %egt her with the N to which the%;aare

attached, are Iinked to forhRa a,g;d togethennith B M whieh ey @opitachrd | y

further 10 containing grelifked tBeSRT #3! REMEADBErddNHEENBORRNGJtBnSRIfetierd from
N, O and S, wherein each S heteroatom magm I ndependent|y and where

possi bl e,1%xi st in an SONHAINRYT &R ANEtCERRIPMS faeh 'i”F'eF?%‘dPG % 75 FRR A Qo  one

or two oxygen atons to afrfarsnvm«aelgteaems hs,far@étorsmay Maep&identipendi@hgreocycl e
is optionally substituted with 1 to 15 substituents ?ach |ndependently

sel ected from (Cl_6) al K3assible; gxistgy ﬁal%Q!ZEQIStat%é‘FQS’ thatiys furhgr bejpged
-Q(ClL. 6) al kyl, - S(C1_6)aHekorltwo okfgén Gte€ tadrdink e groupd 80 or BIH,,CL_6) al kyl ,

-N(CL.6)al kyI )2, wherein the heterocycle is optionally substituted with 1 to 3

15 substituents each independently selected from (Cq.s)alkyl,
(Ci.s)haloalkyl, halo, oxo, —OH, SH, -O(C,.)alkyl, -S(C1.¢)alkyl,
(Cs.7)cycloalkyl , -NH,, -NH(C.¢)alkyl, -N((C.¢)alkyl),,
-NH(C3.7)cycloalkyl, -N((C1_4)alkyl)}(Cs.7)cycloalkyl, -C(=O)(C4.5)alkyl
and -NHC(=0)-(C,.¢)alkyl.

20 R®.C: In another embodiment, R% is selected from:

b) R, -(Ci.e)alkylene-R’, -(C1)alkylene-O-R?, ~(Cy)alkylene-S-R’;
wherein R is in each instance independently selected from H,
(Cis)alkyl, (Cqg)haloalkyl, (Cs7)cycloalkyl, (Cs.7)cycloalkyl-(Cqg)alkyl,
aryl and Het;

25 wherein the (Cq)alkyl, (C.¢)haloalkyl, (Cs7)cycloalkyl, (Cs7)cycloalkyl-
(C1s)alkyl, and (C,¢)alkylene are optionally substituted with 1 or 2
substituents each independently selected from —OH, -(C4.¢)alkyl
optionally substituted with -O-(C.)alkyl, halo, -(C1.s)haloalkyl,
(Cs.7)cycloalkyl , -O-(Cq)alkyl, cyano, COOH, -NH,, -NH(C_)alkyl,

30 -NH(C37)cycloalkyl, -N((C1.4)alkyl)(Cs.7)cycloalkyl, -N((Ci4)alkyl), Het,
-(Cq5)alkyl-Het; and
wherein each of the aryl and Het is optionally substituted with 1 to 3
substituents each independently selected from:

i) halo, (Cs.7)cycloalkyl, (Cq.¢)haloalkyl, -C(=0)-NH,,

35 -C(=0)-NH(C/s)alkyl, -C(=0)-N((C14)alkyl),,
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-NH( C3. 7) cycl oal kyl, -N((Cl_4)al kyl)(C3_7)cycloal kyl, -C(=0 (CL.6)al kyl
and -NHC(=0O) - (Cl1_6)al kyl. 20 R20-C. I n another enbodi nent, R20 is sel ected
from b) W6,2009024746) al kyl ene- R7, -(Cl_6)al kyl ene- O R7, PCT/CA2008/002107
-(Cl.6)al kyl ene-S-R7; wherein R7 is in each instance independently
selected fromH (Cl_6)al kyl, (C1.6)hal oal kyl, (C3.7)cycloal kyl,

(C3_7)Cyd oal kyl -(C1_6)al kyl, aryl and Het; 25 wherein the (Cl_ 6) al kyl ,
(C1. 6) hal oal kyl, (C3.7)cycl oal kyl, (C3.7)cycloal kyl- (Cl1_6)al kyl, and

(Cl.6)al kyl ene are opti Onallb%}?ﬁﬂgﬁ%@@o&\kflh 1 or 2 substituents each
i ndependently selected fro optionally substituted with

-0 (Cl_6)al kyl, halo, -(C1. 6ﬂﬁa¢b%lf(féyvaﬁ<y&(@37mcdga&wbale‘&u -NH(Gayl6) al kyl |
cyano, COOH, -NH2 - NH(CL. 4)  fevyal W)cwgmg)}mm kyl,
G o b A L ettt 1=
substituents each indensﬁg,g@ralkgl o‘{tﬁbﬁél%%@bétft@c% with oM, 00-(CL3nadangal gral kyl
Cl_6) hal oal kyl O NH( C1

fc:(Eog-N((cn_Z) al k§|()2) 23 WCZ@MWD?BM? PCT/)CAZO%BI 002107 -C(=0)-N
H(C3. 7) cycl oal kyl, - C(ipQ ryl\é{rﬁ-ﬁ%ﬁe%.lﬂéhm SBmZ)aﬁbr‘éh@ﬁbkeélopuorMﬂ?
-NH(C1_4)al kyl, -N((C1'4)al kylz -NH( C3_7) cycl oal

“N((CL_4)al kyl ) (C3_7) cycl oal ipstitgied W‘-’i—*@d&@)(@ca)aui)’laPWI 5ii) (d-6)alkyl
o8 Ik K O Pt ) 0
substitut®d with hal o otioaally@pastityted withd Qf)2 suketeme egeh mdependently

- (CL_6) al kyl ene- N(R8) RS;e|dhh&f frorft —ORE -(Ghafky2hiy! fee )ma‘-ioa&»@/l Qé%%g@«j&ﬁiaw

substituted with 1 or 2 substituents each i ndepen sel e
-(Cl1_6)al kyl, halo, -(CP- @daEIMhI-NUi, ,-Nl('l@ 4)ﬁ)kyycNUﬁ$3kWC|Oalk¥|O(Cl 6) al kyI

-NH2, -NH(C1_4)al kyl 1 |.kyl) (C3_7 | |k|
and -N((C(1_4)_a|) 2l e - NCTDai ! Rtk ana M{Gadil v ) ( S_7) evel cal ky

R® is in each instance independently selected from H, (C4.¢)alkyl and

15 (Cs7)cycloalkyl; and
R? is defined as R’, wherein R is as defined above.

R¥.D: In another embodiment, R is selected from:
b) R’ or -(Ci.s)alkylene-R’
wherein R’ is in each instance independently selected from H,

20 (Cis)alkyl, (Cs7)cycloalkyl, (Cs.7)cycloalkyl-(Cq6)alkyl, phenyl and Het;
wherein each of the phenyl and Het are optionally substituted with 1
to 3 substituents each independently selected from:

i} halo, (Cs.7)cycloalkyl, (Cs¢)haloalkyl, -C(=0)-NH,,
-C(=0)-NH(C1.s)alkyl, -C(=0)-N((C.4)alkyl),,
25 -C(=0)-NH(Cs.7)cycloalkyl,
-C(=0)-N((C4.4)alkyl)(Cs7)cycloalkyl, -NH,, -NH(C,.5)alkyl,
-N((C4)alkyl),, -NH(C37)cycloalkyl,
-N((C1.4)alkyl)(Cs7)cycloalkyl or -NH-C(=0)(C44)alkyl; and
i) (C4s)alkyl optionally substituted with —OH, -O-(C_¢)haloalkyl, or
30 -0-(C,¢)alkyl; and
c) -N(R®R® or-(C.¢)alkylene-N(R®R?:
R®is in each instance independently selected from H, (C1)alkyl and
(Cs7)cycloalkyl; and
R’ is defined as R’, wherein R” is as defined above.

35 R¥.E: In another embodiment, R is selected from:
24



R8 is in each instance independently selected fromH, (d-6)alkyl and 15
(C3.7)cycloalkyl; and RO is defined as R7, wherein R7 is as defined above.
R20- D: | rwanewdes74enbodi ment, R20 is selected from b) RCT@rA2008/002107
-(Cl_6)al kyl ene-R7 wherein R7 is in each instance independently sel ected
fromH 20 (Cl_6)al kyl, (C3.7)cycloal kyl, (C3_7)cycloal kyl-(C1_6)al kyl,
phenyl and Het; wherein each of the phenyl and Het are optionally
substituted with 1 to 3 substituents each independently selected from i)
hal o, (C3_7)cycl oabh)kyR? or- %gmr@aﬂ(yl -C(=0 -NH2, -C(=0O-NH(C1_4)al kyl,
-C(=0) - N( (C1. 4)a|k|)2, 25 - (=0 - NH ']i?)?c cloalkny

-C(=0) - N((CL_4) al kyl )(c,w,hef?@fcumwh instaggs iIndagapeentlyysgiegiad from H,
-N((C1_4)al kyl )2, -NH( Cl@aldg¥loalkyl- daIRNKE] 4l A CalneéHelt | or
-NH C(=0 (C1_4) al kyl ; 2@32 E@a,ég y Mg@%naﬂjﬁas% @ﬁﬁt% wi t y_ OH,
-O (Cl1. 6) hal oal kyl , or W@@em@ehowgmbynv' aaﬁdﬂeé)aremmylwuaﬁt'futed W'th1

-(Cl_6)al gyl ene- N( R8) R%o ﬁb‘sﬁtuérﬁls%@&ﬁ‘m’d@é&r@éﬁﬂ’y éé]@c%’@ﬁ&ﬁnt ly selected from
H (d-6)alkyl and (C3_7)cycloal Y eflned as R7, wherein R7

is as defined above. 3k 'F@@(%?)W?O@H‘d{ IQQTG)@MEW nefO)-NMPo is sel ected
from 24 WO 2009/ 076747 PCT/ @&@pﬁg@@%y@@, -8) (B7N(‘{’<'§1 476("@)2,6) al kyl ene- R7

wherein R7 is in each instance independe % fromH (Cl_6)alkyl,
(C3. 7) cycl oal kyl , (C3.7)cycl&aFRyNH( @17)%'8? it phenyl and Het; wherein

each of the phenyl and Het ar(g_@pNF @nﬁlalkyl%(@yi)é}dléalﬂiyﬁd-l\l\ﬂztJNE%C% )aIRy13

substituents each independent Ie/ ?( ‘Scycl oal kyl ,

(C1_6) hal Bal kyl, -C(=0) - NH2, -“N((CaplatyDneliiCasa)eusiRglkyl. - ¢ 0) N(( CL. 4) al kyl ) 2,

~C(=0) - NH(C3_7) oyl 0al kyl - S lyeMy(EL @b bt Fh-EL20RE QI anc 2.

~NH(CL_4) al kvl i) (Cq.c)alkyl optionally substituted with —OH, -O-(C,.)haloalkyl, or
-O-(C1.e)alkyl,

wherein the Het is selected from:

H H H
N— N N—N N—N
15 @ @H HN\_7 u N/// (A /N/>
/ —_—
o0 L0 0 L O
§ / H N —N O =~ N
< > Y @ N\ 7 :l)l N
H
N H
N 7N N = NS
N\| g @ N\\NJ N\\J @\l
N N X
SRR
NH
O\) Q O//S\\o
H
H N H
N /H / N N
SOASAR SRS
20 7 | ~ —



10 -N((C1_4)al kyl)2, -N H C3_7)cycloal kyl, -N((C1_4)alkyl)(C3.7)cycl oal kyl
or -NHC(=0(C1L 4)alkyl; and ii) (Cl_6)alkyl optionally substituted with
-OH, -0 (W0.2609abmal kyl , or -0 (CLl_6)al kyl; wherein thecHstA20as/meloect ed

from HHNN NNNH N /1 G HN "/ NON1I50, , , N, NH HCN
\%N 8\~-N NOOs HH\ dOGCN ~N 077 HNNNN-N N\ JINNN=~/>
\/ />N I HNJIJNJ ~N77 HHNN H'" I NH> HHNH N N2

H o Ny
Sefviiee
, and N" -and

c) -NR®R® or -(Cis)alkylene-N(R®R®;

R® is in each instance independently selected from H, (C,)alkyl and
(Cs.7)cycloalkyl; and
5 R? is defined as R7, wherein R’ is as defined above.
R%.F: In another embodiment, R is selected from:

b) —(Cys)alkylene-R’;
wherein R’ is Het; wherein the Het is a 5- or 6-membered heterocycle
containing 1 to 4 heteroatoms, each independently selected from N,

10 O and S, or Het is a 9- or 10-membered heteropolycycle containing 1
to 4 heteroatoms, each independently selected from N, O and S;
wherein each N heteroatom may, independently and where possible,
exist in an oxidized state such that it is further bonded to an oxygen
atom to form an N-oxide group and wherein each S heteroatom may,

15 independently and where possible, exist in an oxidized state such that
it is further bonded to one or two oxygen atoms to form the groups SO
or SO;
wherein the Het is optionally substituted with 1 to 3 substituents each
independently selected from halo, cyano, oxo, imino, -OH,

20 -O-(Cqg)alkyl, -O-(Cq¢)haloalkyl, (Cs.7)cycloalkyl, -NH,, -NH(C.4)alkyl,
-NH(C;.7)cycloalkyl, -N((C4.4)alkyl)(Cs7)cycloalkyl, -N((C4.4)alkyl),,
-NH-C(=0)(C.4)alkyl, (C1s)alkyl and Het, wherein the Het is a 5- or 6-
membered heterocycle containing 1 to 4 heteroatoms, each
independently selected from N, O and S.

25 RX.G: In another embodiment, R? is selected from:

b) —CH,-R’, -CH,CH,-R’,

wherein R is Het; wherein the Het is selected from:

——

H
—N
\

’ _H H

1 H

\ =T
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N NN20 , 25 WD 2009/076747 PCT/ CA2008/ 002107 N O'\N :]0'" and \ N ; and
c) -N(R8)R9 or -(Cl_6)alkylene-N(R8)R9; R8 is in each instance

i ndependewol2gometrmct ed fromH, (Cl_6)al kyl and (C3_7) cyciraa2kosioo2imnd 5 RO
is defined as R7, wherein R7 is as defined above. R20-F: In another

enbodi mrent, R20 is selected from b) -(Cl_3)al kyl ene-R7; wherein R7 is Het;
wherein the Het is a 5- or 6-nenbered heterocycle containing 1 to 4

het er oat ons, each independently selected fromN, 10 0 and S, or Het is a
9- or 10- nenbered heteropolycycle conta;nlng 1 to 4 heteroatons each

i ndependently sel ected h&ew1N ter m may,

i ndependent |y and where /pos.$| e ;7 XI s o |d| such that it
is further bonded to an Wge tom |de roup wherein
each S heteroatom may, 15 |ndependently and mhere possi bl e, exist in an

oxi di zed state such that it is further bon o one or two oxygen at ons
to formthe groups SO oy rein k]e na/l\y tuted
with 1 to 3 substituent /eac |nd pe den edt ed flr c no,
oxo, imno, -OH 20 -0 (\Cl 6) aloa )c};‘I IkyI
-NH2, -NH(Cl_4)alkyl, -N H(CS )cycl oal kyI’

_N((CL_4)al kyl ) (C3_7)cycl gal kyT, m((c14)a|ky|)2 -NH-C(O)C14)aIkyI

(Cl.6)al kyl and Het, whereimt terocycle
containing 1 to 4 het er ato \eac éengo I\{ 8Ne/l(éct d fromN, 0 and
S e om

S. 25 R20-G In another - CH2- R7,
-CH2CH2- R, y ’
N—N H H
/ N
d "
N I\
// \\ N
N y oy
C7N oM
N N/
= o =N
5 : : : and
g
NS
N" -and
wherein the Het is optionally substituted with 1 to 3 substituents each
independently selected from halo, cyano, oxo, imino, -OH,
-0-(Cy6)alkyl, -NHz, -NH(C4.4)alkyl, -N((C.4)alkyl),,
10 -NH-C(=0)(C1.4)alkyl and (C45)alkyl.
R%-H: In another embodiment, R? is selected from:
b) —CH,-R’, -CH,CH,-R’,
wherein R’ is Het; wherein the Het is selected from:
=N N ’N (\|N
k/ AWASGEN
am\
i
Ny
15
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wherein R7 is Het; wherein the Het is selected from HNNNNNNN
OCHHN N U TN v ONN 26 WO 2009/076747 PCT/ CA2008/ 002107 H NHHH NN

N N N \/wb/i200¢/i1470 S N OHHOHNN ::I1l1r? NN N Rco/dA2bds/00tdol~ N > N
NIl N) NHN NIN/ /> N~N~ NWNOf/ S HHHNNNNHH S\ NN O\O
H NHHON N5\, , ~Nand 0 1 N and wherein the Het is optionally

substituted with 1 to 3 substituents each independently selected from
hal o, cyano, oxo, imno, -OH -O(Cl_6)alkyl, -NH2, -NH(C1_4)alkyl,
-N((C1_4)ai kyl)2, 10 - Nph&em@hé Hot doptibydily 306stikfdd Riteh y B substituents each

independently selected from halo, -(Cq¢)alkyl, -O-(C4s)alkyl, -NH,,
-NH(C,_4)alkyl, -N((C1.4)alkyl), and (Cqe)alkyl.

R?.1: In another embodiment, R% is selected from:

N= N= N\ HO . N
5 HSL;,T—; N X
QO QO
/_ O>_\N—: 0
QI) ’OCN—§1>—/ :’ \N~—-§1
N\ F F
57 O e o
N—| | .
%N@N-—a,\“\ Q\ﬁ@( |

w: A\ | | ,N/_i
“\YS \r*{ L*{ [

10 ,

/

S
N

N/N %/ I;\
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R20- H:

I n anot her enbodi nent, R20 is selected from b) -CH2-R,
-CH2CH2-R , wherein R7 is Het; wherein the Het is selected from HH CHQC

N NN N NW0/20(N/0</6747S . , HN NHNH Q 15 and amdT1/CA2008(002107

2009/ 076747 PCT/ CA2008/ 002107 wherein the Het

with 1 to 3 substituents each independently selected from hal o,

-(Cl.6)al kyl, -O(ClL_6)alkyl, -NH2, -NH(Cl 4)alkyl, -N((Cl_a)alkyl)2 and
(Cl.6)al kyl. R20-1: In another enbodinment, R20 is selected from N HO \\

N~ 5 H,

NN/ N NNN_O /NONOCNH, , \NMFFFONF:,

O
%%31 \*K [ -
/‘“N\ i 1 91 Jyh

@1 ataRs vl

5
O
R%.J: In another embodiment, R? js selected from:
P! { Fabst
N
N / Y Q \(
/—i Vam
N /Q{ L \ N—N
LIS
N——-N a \ Ntl\\l
/ Yy N /t‘/N /N\\N /$\/N\/
N AY
N \
10 , \)\/ , ’

29
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t-~FNNF-N FFNSS NN\ N NNS\NSI NN NSN H10 7 /-: NN
/- _"NNNN/NN N, NJ/'"/" NNN N NN NO 28 W 2009/076747
PCT/ CA20080Q0®1006747F N C N F / " NN ~ S N" N~ W/\NprHT/CA208/002007 C " H

N/_EF Vil <\:<(<\:/<§;
oI ie TS

N/__—(N—E N:<\175 M: /\ /T%/}_\i

EHl ¥

/—N\ > 191 s\

5 and

Any and each individual definition of R®® as set out herein may be combined with any

and each individual definition of X, R?, R®, R® R* R® and R® as set out herein.

10 R%

R®-A: In one embodiment, R® is selected from H, halo, CN, (C;.)alkyl, -OH, -O-(Cy.
s)alkyl, -S-(Cq_g)alkyl, -NH,, -NH(C,_5)alkyl, -NH(Cs_)cycloalkyl,
-N((C+.4)alkyl)(Cs.7)cycloalkyl and -N((C.4)alkyl)s.

R3-B: In another embodiment, R® is selected from H, halo, CN, (Cyy)alkyl, -O-(C;.

15 syalkyl and -N((C4.4)alkyl),.

R3-C: In another embodiment, R® is selected from H, halo, (Cq14)alkyl and CN.

R®-D: In another embodiment, R? is selected from H, F, CI, CH; and CN.

R3-E: In another embodiment, R? is selected from H, F, Cl and CH,.

R®-F: In another embodiment, R® is selected from H, F and CHs.

20  R3-G:In another embodiment, R*is H or F.

R3-H: In another embodiment, R®is H.
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, -Ni FFBr NNNi \SNN5Nand S N R20-J: |In another enbodi ment,

R20 is selected from NS S NS N, , NI N_-N ~NSSI\ JI/" 7 NII N
S \%H NwO200/07604%N /NN N NMN 10 29 WO 2009/ 076747 PETCUACHRR0810002107
NCNFNANCG F ~--~N SNNN-~ // W/A\NN HS~NN

Any and each individual definition of R® as set out herein may be combined with any

and each individual definition of X, R®, R?, R* R*®, R® and R® as set out herein.

5 R%

R¥-A: In one embodiment, R* is selected from H, halo, CN, (C1.4)alkyl, -OH,
-0-(Cy.4)alkyl, -S-(C.4)alkyl, -NH,, -NH(C.4)alkyl, -NH(Cz.7)cycloalkyl,
-N((C4.4)alkyl)(Cs.7)cycloalkyl and -N((C4.4)atkyl),.

R%*.B: In another embodiment, R* is selected from H, halo, CN, (Cq4)alkyl,

10 -O-(C1.4)alkyl and -N((C4)alkyl)..

R32.C: In another embodiment, R* is selected from H, halo, (Cs.s)alkyl and CN.

R%*.D: In another embodiment, R* is selected from H, F, Cl, CH; and CN.

R3.E: In another embodiment, R* is selected from H, F, Cl and CHs.

R3.F: In another embodiment, R* is selected from H, F and CH.

15 R*%.G: In another embodiment, R* is H or F.

R%.H: In another embodiment, R* is H.

Any and each individual definition of R* as set out herein may be combined with any

and each individual definition of X, R®, R?, R®, R*®, R® and R® as set out herein.

20

R*®:

R%-A: In one embodiment, R® is selected from H, halo, CN, (C.s)alkyl, -OH,
-O-(Cy4)alkyl, -S-(C1)alkyl, -NHs, -NH(C1)alkyl, -NH(Cs.7)cycloalkyl,
-N((C+1.2)alkyl)(Cs.5)cycloalkyl and -N((C+.e)alkyl)z.

25 R®.B: In another embodiment, R*® is selected from H, halo, CN, (C,.)alkyl,
-O-(Cq4)alkyl and -N((C_4)alkyl),.

R*®-C: In another embodiment, R* is selected from H, halo, (C;.)alkyl and CN.

R%-D: In another embodiment, R* is selected from H, F, Cl, CH; and CN.

R3*-E: In another embodiment, R* is selected from H, F, Cl and CHs.

30 R®-F: In another embodiment, R®* is selected from H, F and CH.

R*-G: In another embodiment, R*® is H or F.

R3-H: In another embodiment, R* is H.

Any and each individual definition of R* as set out herein may be combined with any
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\N HN~" F"~ F, -N\ 5 and Any and each individual definition of R20
as set out herein may be conbined with any and each individual definition
of X, R2,wB20088d¢74R3b R5 and R6 as set out herein. 10 RBCTR3:26408/0bmoone
enbodi ment, R3 is selected fromH, halo, CN, (Cl_4)alkyl, -OH -O(Cl_

4)al kyl, -S-(Cl_4)al kyl, -NH2, -NH(Cl_4)al kyl, -N H(C3_7)cycl oal kyl,
-N((C1L_4)al kyl ) (C3 _7)cycloal kyl and -N((Cl1_4)al kyl)2. R3-B: |In another
enbodi ment, R3 is selected fromH, halo, CN, (ClL 4)alkyl, -O(C1_ 15

4)al kyl and el}‘&i(eglah‘ﬂ)oﬁvudﬂél )j@ﬁmtl&’a o@X R RAGYDRP RABAURIBS ket dRBhbIrsel ect ed
fromH halo, (ClL 4)alkyl and CN. R3-D: In another enbodiment, R3 is

selected fromH F, d, CH3 and CN. R3-E: In another enbodi rrent, R3 is
selected fromdd, F, O and CH3. R3-F. In another enbodinment, R3 is sel ect ed
fromH F an . 20 R3-G In another embodinment, R3 is H o fB3-H In
anot her enbodRwhrin ongemMbedimensRVEOR MQUV@T%Yd'PGZﬁr@%bWWWRAny and
each individual d I31; &gﬂz w th any
and each :éndl vi dua Hé?él\blﬁrl‘”‘l ltslc(gh&q@%é’%ﬁabglkwgg%)gngqm ?€y %2@ set out
herein. 5 R3a, RBa(CAs)alkml -ayyleHehdrd Gi-selky!- -HetaeachR sbelégtoé'ﬁprfa"bﬁi}'b%t't%%d o, CN,

et i 1w R Rt o BB ML
R3a-B: | n anot her I% @1 gkl (G}?,}x:yclsal;kydl &b tkykCancrtlodligl aryl qiS:.c)alkyl-
(Dol 10, S R 0l CSF oA i e
10 (C1 g)alkyl or O-(C¢)alkyl.
R5-B: In one embodiment, R® is R¥' being mono-, di-, or tri-substituted with O-R%,
wherein R% is (Cy,)alkyl, (Cs7)cycloalkyl, (C1.6)alkyl-(Cs7)cycloalkyl, aryl or
(C1.e)alkyl-aryl, each R® being optionally substituted with (C..¢)alkyl,
(Cs.7)cycloalkyl or (Cq¢)alkyl-(Cs.7)cycloalkyl; and
15 R%2 is (C1s)alkyl, (Car)cycloalkyl, (C4.¢)alkyl-(Cs.7)cycloalkyl, aryl or (Cq.6)alkyl-
aryl, said aryl being optionally substituted with (C4.g)alkyl or O-(C4.¢)alkyl.
R5-C: In one embodiment, R® is R*' being mono- or di-substituted with O-R®,
wherein R* is (C.¢)alkyl, (Cs7)cycloalkyl, (Cy.)alkyl-(Cs7)cycloalkyl, aryl or
(Cq6)alkyl-aryl, each R®! being optionally substituted with (C;.¢)alkyl,
20 (Cs.7)cycloalkyl or (Cq6)alkyl-(Cs.7)cycloalkyl; and
52 is (Cy.¢)alkyl, (Cs.7)cycloalkyl, (Cq.6)alkyl-(Cs7)cycloalkyl, aryl or (Cq.g)alkyl-
aryl, said aryl being optionally substituted with (C4.¢)alkyl or O-(C4)alkyl.
R®-D: In one embodiment, R® is R*' being mono- or di-substituted with O-R%,
wherein R is (Cy.)alkyl, (Cs;)cycloalkyl or (C4.6)alkyl-(Cs7)cycloalkyl, each
25 R®' being optionally substituted with (C1.s)alkyl, (Cs.r)cycloalkyl or (C4.¢)alkyl-
(Cs.7)cycloalkyl; and
%2 is (C+.e)alkyl, (Ca.z)cycloalkyl, (Cqs)alkyl-(Cs)cycloalkyl, aryl or (Cq.¢)alkyl-
aryl, said aryl being optionally substituted with (C4.s)alkyl or O-(C1.¢)alkyl.
R5-E: In one embodiment, R® is R*' being mono- or di-substituted with O-R%,
30 wherein R* is (Cy.)alkyl, being optionally substituted with (C+.s)alkyl,
(Cs.7)cycloalkyl or (Cq6)alkyl-(Cs.7)cycloalkyl; and
52is (C4.g)alkyl, aryl or (C+.s)alkyl-aryl, said aryl being optionally substituted
with (C4.6)alkyl or O-(Cq.g)alkyl.
R®-F: In one embodiment, R® is R*' being mono- or di-substituted with O-R%,

32



R3a-D: I n another enbodinent, R3a is selected fromH F, d, CH3 and CN.
R3a-E: I n another enbodinent, R3a is selected fromH F, d and Cl-13 R
3a-F: | n woandvar7emmbodi nent, R3a is selected fromH, F aod/c@4808/00iH7 R3a- G
I n another enbodinment, R3a is Hor F. R3a-H |In another enmbodinent, R3a is
H. Any and each individual definition of R3a as set out herein may be
conbined with any and each individual definition of X, R20, R2, R3, R3b,
R5 and R6 as set out herein. 20 R3b: R3b-A: In one enbodinent, R3b is

sel ected fromH, k I dedfor I

CS(CL 4)alkyl, - Rﬂé el_nﬁ Eg. i Kéfhg I\ﬂgﬂ’alhes?sgﬁoa |§ﬂ;‘| d@e)ralkyl and
-N((C1_4) al kyl )(CSRS?)IS:QFGIsX?ﬂ‘IYEWY' Qhé;m)ﬁ k@/t-:arym;%m I@W' poing pptiqually substifytethot her
enbodi ment, R3b i H lo, CN, (Cl_4)alkyl, -O(Cl_4)alkyl
and -N((CL. 4)al kyls\s/lgjF %@%‘ﬂ% SH@Q%ng())?I er enbodi nent, R3b is sel egted fromH,
hal 0, (Cl_4) aRkGt Inzme earpodinmati- R is RY' being meno-evtsbewhaliiuted WHOIR™ sel ect ed

fromH F° G ana YRR i paky,bang BpicHel BES %%W‘”H?ﬁg'“yisﬁ%'cfééed

fromH F and CH3.R®R8G.@alkyh anot her enbodi ment, R3b is Hor F. R3b-H In
anot her enbodj b is H. An i vi dual deflnltlon of R3b as
set out herei ﬁﬁﬁak? 3853‘86%"8%'8’9 ?qu%dih 2009/ 076747

PCT/ CA2008/ 002107 d eac d| VI dual defl nition of X, R20, R2, R3, R3a,
R5 and R6 as set oﬁgz?erel .In o efrbodi nent, R5 is R51 being

nmono-, di-, or tri bsti tutled W|t R52 Swherein R51 is (CL_6)al kyl,
(C3. 7)cycl oal kyl , 6) al kyle (C8_7)¢cydl oal kyl, aryl, (Cl_6)alkyl-aryl,
Het or (Cl.6)al kyI ~each “bei ngdb@onal |y Hubstit “with
(C1_6)al kyl, (C3_ 7)c oaI kyl\or (Cl_6)a | - (C3_7)eycl salkyl ; and R52 is

(Cl_6)al kyl, (C3.7)cycloalkyl, (CI_6)al kyI -(C3,7)cycl oal kyl; atyl,
(C1_6)al kyl - aryl, Het or, (Cl1_6)al kyl saig aryl and t being

optionally substltﬂt 't h 10 6)a/@ “““““ or 1. 6) al .

10 : : " : :
o~ SN
0 0
© @N i | |
.
0
\O/©/ \©\O/v ©\O/\/ \o/\/ /\o/\/
J\o/\/‘\ NN S G NN \/\/o\/\/“\“
O\/\/ \/o\/\/ Y
J
15 | , , and .
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R5-B: In one enbodinment, R5 is R51 being nono-, di-, or tri-substituted
wth OR52 wherein R51 is (C1_6)al kyl, (C3_7)cycl oal kyl,

(C1_6) al kwb-20687¢4cycl oal kyl , aryl or (C1_6)al kyl -aryl pceaoi®®d2ioei ng
optionally substituted with (Cl1_6)al kyl, (C3-7)cycloal kyl or

(C1_6)al kyl-(C3.7)cycloal kyl; and 15 R52 is (Cl1_6)al kyl, (C3_7)cycl oal kyl,
(Cl1.6)al kyl -(C3.7)cycl oal kyl, aryl or (Cl _6)alkyl- aryl, said aryl being

optionally substituted with (C1_6)al kyl or O (CLl.6)al kyI , R5-C. In one
enbodi ment, R} SlnBﬁéeh*%‘oB%éﬁP'W'lsR‘M BingSHBSd-idr di-Qubstiutd tHROR¥herein R51
is (Cl_6) aI kyl , goal Kyl ., (C1 6) al kyl - (C3. Qﬂdycl oal kyl, aryl or
(Cl_6)al kyl -aryl , \@mfﬁmﬁg' isEi ﬁalkﬂpl?f?'@ﬁmamthy'aww thiConalkds_6) al kyl |
20(C37cc|oa|k ngqﬁi I |; and R52 is
(CL. 6) al %(yly %‘& %Y‘gm kyll)laddﬁgl kgqtg)h é?f cloal kyl , ar

saa &2k, (%wag‘l@glﬂwlo le)aikyE %V@'Qﬂ“@dl 3y HoR ( 1@13"86 -al kyl

(C1_6)al kyl - ar yl,

or O (CL.§)alkyl. i{ﬁg %%E}yp mﬁngosm@w m&.tutéﬂ%hﬁﬁoq%lk?%r@(/) Cb‘é?ky .07

di - substltut ed wit eln R51 1s (Cl1_6)alkyl ycl'oal kyl or
(C1_6)al kyl -(C3.7)cycloal kyl, each 25 R51 being optionally substituted

wi th (C1_6)al kyl ar'd(eg%ga |&uaﬁ’ﬁyﬁ?ﬂk r\ocgfl? %%4@ @L[ltlf%lrem by bE)coMfbiriRal Wit anyand

R52 is (Cl_6)al'k cco Kyl - 7)cycloal kyl, aryl or
(C1_6)al kyl - Wachs@n\ddlmiylteﬁmmmg)bﬁ| djhdk sﬁ%sariot%‘%wsemovhhe(r@m 6) al kyl
or O(Cl.6)alkyl. , R5-E In one enbodinment, R5 is R51 being nono- or

di -substituted with O R52 30 wherein R51 is (Cl 6) al kyl , being optionally
substituted viRE:h (C1. 6) al kyl, (C3-7)cycl oal kyl or

e TR R P T TR
or O (Cl1_6)al kyl. (@3z)alkyldryloHet enilogalkpiriet; b¥ing sptitmalbeibstitutednvgth to 5
s (L 6)alkyl, benREERE 6Adh I\IeBTBENTY HEHeq TR EEL (Gl . and RS2 is.
(Cl_6)al kyl, aryl @, ,hebafkyia(Ceyjcyaoylkyl, -, dSHy0-(da)atkyl, e$4(®p4r)mkyl ynd
PO R oA R SR s e R e
(C1_6)al kyl, bei ng)apyaaaat] ycyslolkyl and ed wi th (CL. 6)al kyl, and
R® is in each instance independently selected from R’, -O-(C;.)alkyl,
-(Cqe)alkylene-R”, -SO,-R”, -C(=0)-R’, -C(=0)OR” and -C(=O)N(R}R";
wherein R” and R® are as defined above;
20 or R® and R®, together with the N to which they are attached, are linked to
form a 4- to 7-membered heterocycle optionally further containing 1 to 3
heteroatoms each independently selected from N, O and S, wherein each S
heteroatom may, independently and where possible, exist in an oxidized
state such that it is further bonded to one or two oxygen atoms to form the
25 groups SO or SO;;
wherein the heterocycle is optionally substituted with 1 to 3 substituents each
independently selected from (C1.5)alkyl, (Cs¢)haloalkyl, halo, oxo, —OH, SH,
-O(Ce)alkyl, -S(C1.¢)alkyl, (Cs7)cycloalkyl , -NH,, -NH(C4.g)alkyl,
-N((C46)alkyl)2, -NH(C;.7)cycloalkyl, -N((C1.4)alkyl)(Cs.7)cycloalkyl, -C(=0)(Cs.
30 s)alkyl and -NHC(=0)-(C+)alkyl.
R®-B: In yet another alternative embodiment, R® is (Cs.7)cycloalkyl, aryl or Het, being
optionally substituted with 1 to 3 substituents each independently selected
from halo, (C4)alkyl and (C4)haloalkyl.
R®-C: In still another embodiment, R® is (Cs.;)cycloalkyl, phenyl or Het, optionally
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R52 is (Cl1_6)al kyl. R5-H: In another enbodinment, R5 is selected from \ I\
cC'oO 0~\ \ 0"0" 00 000O011:a00\0 1~0 15, and 33 WO

2009/ 076 ™6 2AGI7€A2008/ 002107 R5-1: I n one enbodi nent, PRI/GAR0RBD21021 Ng
nmono- or di-substituted with O R52, wherein R51 is (Cl1_6)al kyl, being
optional Iy substituted with (CL. 6)alkyl, (C3_7)cycloalkyl or

(Cl.6)al kyl -(C3_7)cycloal kyl; and R52 is (Cl1_6)al kyl, (C3_7)cycloal kyl,
(C1_6)al kyl-(C3_7)cycl oal kyl, aryl or (Cl.6)alkyl- 5 aryl, said aryl being
optionally substi téﬂlb@ﬂui‘}%tvﬁth(ﬁéﬂ’s@@lsf&%ntg"ea@i ﬁw@épeﬁ)o%hWéelec‘PéB’fr@ﬂ%a%aCh

i ndi vi dual definition R5 as set out herein may be conmbined with any and
each individual ddfisnpkylamddE.ahalpgly; R2, R3, R3a, Rib and R6 as set out

herein. 10 R6: R6-A: (C3_7)cycl oal kyl ,
(C1_6)al kyl - (C3._7) cycloaﬁ&f’%;ﬁ%'%e'%gfggrfﬁ kyl -aryl . Het or

(C1.6)al kyl - Het; being optlonaIIM substltutmth l1to 5 substituents
al

each i ndependent ly selec fro 1 haI
(C3_7)cycl oal kyl, - OH, /SH (01 'k _4) alllk d N( R8) R9;
wherein R8 is in each | pe de eI ec 6) al kyl

and (C3_7)cycl oal kyl ; R9 IS i n each |nstance mdependently sel ect ed
fromR7, -O(Cl_6)al kyI -(C1_6) al kyl ene-R7,  -S02- R, -R? -C(=0 ORY

and - C(=0) N(R$) R7; wher ei n R7 andR8areaAijHne a\tmye NH
N _
N
NH NZ N N N
@ 5 @ @

RE-D: In another alternative embodlment, Réis (C5_6)cycloalkyl, phenyl or Het
optionally substituted with 1 to 3 substituents each independently selected
from halo, (C1.4)alkyl and (C44)haloalkyl; wherein

10 Het is a 4- to 7-membered saturated, unsaturated or aromatic heterocycle
having 1 to 3 nitrogen heteroatoms.

RE-E: In still another embodiment, R® is phenyl, cyclohexyl or pyridine optionally
substituted with 1 to 3 substituents each independently selected from halo,
(C1.g)alkyl and (C44)haloalkyl.

15 RE-F: In still another embodiment, R® is phenyl, optionally substituted with 1 to 3

substituents each independently selected from halo and (Cq.4)alkyl.

W,

substituents each independently selected from halo.

R®-G: In still another embodiment, R® is , optionally substituted with 1 to 3

“/CH,

RE-H: In still another embodiment, R is

20 R In still another embodiment, R® is selected from:
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20 or R8 and RO, together with the Nto which they are attached, are |inked
to forma 4- to 7-nmenbered heterocycle optionally further containing 1 to
3 het er owpamw/genih i ndependently selected fromN, 0 an#cs,cAarhsioeenseach S
het er oat om may, independently and where possible, exist in an oxidized
state such that it is further bonded to one or two oxygen atons to formthe
25 groups SO or SO2; wherein the heterocycle is optionally substituted with
1 to 3 substituents each independently selected from (Cl1_6)al kyl,

(C1.6) hal oal kyl; halo, oxo;, -OH SH, ., -O(Cl_6)al kyl, -S(CL.6)alkyl,

‘

(C3_7) cycl oal ky NH2, ~ 6) al Ryb N, - N(¢ | kylY
-NH(C3_7) cycl oal Kk L-N((C1 |4)} kyl ) ( _/7 cyclo , - C(:l_ 30
6) al kyl and - NHC(=0)- (€l _6) a | 7er R6- BT n g etFanot heer al t erf1att ve

enbodi ment, R6 is (C3_7)cycloal kyl, aryl or Het, being optionally
substituted with 1 to 3 substituent.s each independently sekecked from

hal o, (C1_6)al‘% and ( Ch. B6)hal oal- -CNp-sti | anot nbodi ment ,

R6 is (C3_7) cycl yl, ph or He ptiona 34 WO 20097 076747

PCT/ CA2008/ 002107~"Stpst i t UtEd M t 0~a subst¥t bendg eachri ndependently
I \

sel ected fromhalo, (CL_6)alkyl’and (CL.6)hal oal kyl; wherein the Het is
selected from NHN-NO~ G- | N cON N I l_NO, NH\NH NMNH HN
~N N N~ NAnyang eciNiadid us-dedinitian-of REassateit herein may be combined with any

5 and each individual definition of X, R%, R?, R®, R*, R*® and R® as set out herein.

Examples of preferred subgeneric embodiments of the present invention are set
forth in the following table, wherein each substituent group of each embodiment is

defined according to the definitions set forth above:

10
Embodiment | X R? R%® R® R R R® R®
E-1 XA | RAA | R®D | R-F | R®*D | R®H | R-A | R4
E-2 X-A | RAA | R®D | R-.F | R®D | R®H | R-A | R%:A
E-3 X-A | RAA | R®l | RA | R®F | R®™A | R-A | R%F
E-4 X-A | R-A | R®B | R“E | R®H | R*C | R>B | R’G
E-5 X-A | RAA | R®H | R®*H | R®*H | R®H | R>-C | R%
E-6 X-A | RA | R%A | R®G | R®H | R®H | R°-D | R%H
E-7 XA | RA | R®J | R®B | R®B | R®-G | R-H | R%:E
E-8 XA | R%B | R%H | R®G | R®*H | R®H | R-H | R%F
E-9 XA | RPB | R®H | R®G | R®%H | R®H | R%-H | R’G
E-10 XA | R2B | R®%H | R®G | R®*H | R®H | R%H R®1
E-11 X-B | RB | R®H | R®G | R®®*H | R®H | R-A | R%I
E-12 XA | RBC | R®F | R“A | R®D | R®D | R-A | R%A
E-13 XA | RC | R®A | R-A | R®.G | R®A | R>C | R%F
E-14 XA | RBC | R®B | RB | R®A | R®*B | R>D | R’G
E-15 XA | RRC | R®G | R-F | R*F | R®E | RH | R%H
E-16 XA | R2C | R°E | R°D | R®E | R*F | R-H | R’G
E-17 XA | RRC | R®B | R>B | R®*H | R®B | R%H | R%:E
E-18 XA | R2D | R®D | RC | R™F | R®G | RE | R%C
E-19 XA | RRD | R®E | RAG | R®™E | R*A | RG | R’C
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R6-D: I n another alternative enbodinent, R6 is (C5_6)cycloal kyl, phenyl or
Het optionally substituted with 1 to 3 substituents each independently

sel ect ed wonowvieiso, (Cl_4)al kyl and (CL. 4) hal oal kyl ; werergarodsdotior i s a
4- to 7-nmenbered saturated, unsaturated or aromatic heterocycle having 1
to 3 nitrogen heteroatons. R6-E: In still another enbodinent, R6 is phenyl,
cycl ohexyl or pyridine optionally substituted with 1 to 3 substituents
each i ndependently sel ected from hal o, (Cl_4)alkyl and (Cl 4) hal oal kyl . 15

R6-F: | n stitH—another—enbodinyen 26 gitenyt 5. apt Ty Stigdre
with 1 to 8 oEBtitueXB dadh ‘d@oéﬁ et 1 é?e%t =d£f'r llgTLtg rf§1 i
(C1_4)al kyl. -plok6- G |X1Ast' IR2.rnotRARY emﬂqqil MRt E R %L |, S i orRiDY
substi tut eg—with—3— tbstituent s each ingegendentiy setgcted—{ron
hal 0. R6-H] | nE22il I anXJ'lAher PerﬁoodRrre'H i s BoDrg-R-H &1 1| aRal her
enbodi ment| R6gl,g sel pcgad f e | g2.40 3000/ 07,;@?@7 PQFL@AQQ@&( OPDZR0A | CH3
/ Br /| O EB—Br—CB——C P anod F-ARY and ca\,. Hpei-vi-tgat—gef it i on
of R6 as set oER4herej X+ay RE-EonBmdd Bt® Ak -Hs aRU-HAc R iDhd] WRcial
definitionfof X,:RZ, R20 R3 g R%Izo_&nd 3G a5 RsaetH ougmhereigh.g Bqgeogl es of
preferred subgéneric em ndl ments ol —the-presept_-Aventiohare——sef—forth in
the fol | owlng E2Bl e, i|n Reeh &3bHt | tRiedt | B |oR dhch Rérbodi Reht |i s
defi ned acc¢ord ef iR 1T0R3 el g0t @ pib nengs X R2
R20 R3 R3a|R3 é%g rES?'pd -/gll':é- %ﬁﬁ- R I E F@E'?'l\'/) F\Bhg-ll—l RS- A R ﬁl& IXE 2
X- A R2- A RP0- ER3- F RBax& R3IR%HE R5RA-R6F R*-E- B RN RORR-HR20-R*-BR3 RFBai F
R3b- A R5- AFR6-F _E4 KA RFASRZOFRLR3- = “C B, 3 - -
R2- A R20- H| R3- Fr¥3a- H R@f‘ - H%?’-AC Ee% Eéfg'?x- Aﬁ@RB- A d'-IFA 2 R3NP R3b- H
R5-D R6-H E-30 XA | RRF | R°D | R-F | R®D | R®H | R-A | R%

E-31 X-A | RAF | R®J | R®B | R®B | R®G | R-A | R%E

E-32 XA | RRF | R% | RG | R¥H | R®H | R-A RE-I

E-33 XA | RRF | R°B | RE | R®*H | R®C | R>B | R’G

E-34 XA | RRF | R®H | R%G | R®H | R®H | RE | R’C

E-35 XA | RRF | R®H | R®H | R®H | R®H | R%F | R°D

E-36 XA | RPRG | R%A | R®G | R®*H | R®H | R-A | R%H

E-37 XA | RRG | R®H | R%G | R®H | R®H | R-C | R%H

E-38 XA | RBG | R®H | RRH | R®*H | R®*H | R°H | R%H

E-39 X-A | RRG | R®l | R%G | R¥H | R®H | R*H RE-1

E-40 XA | RRG | R®H | R%G | R®*H | R*H | R>H | R%H

E-41 XA | RBG | R%H | R®H | R®*H | R®H | RF R®-I

E-42 X-A | RRH | R®*-A | RB-E | R®*A | R®D | R-A | R%E

E-43 X-A | RRH | R®F | RB-A | R2E | R®B | R’-B RS-F

E-44 XA | RRH | R®*B | R>F | R®cC | R®H | R-C | R%G

E-45 XA | RH | R®’F | R®B | R®*G | R®*F | R-D | R%A

E-46 XA | RR=H | R®D | R-F | R®*H | R®H | R>H | R%G

E-47 X-A | RAH | R®H | R®G | R®*H | R®H | RH | R%E

E-48 XA | RRH | R®H | R®G | R®*H | R®H | R%H RE-F

E-49 X-A R2 R®] | RBH | R*H | R*®H | R>-A | R%G

E-50 X-A R%-1 | R®B | RAE | R®H | R*C | R>-B | R%G

E-51 X-A R | R®J | R®-B | R®*B | R®G | R°H RS.E

E-52 X-A | R-J |R®D | R-F | R®D | R®H | R%A Rl

E-53 X-A R-J | R%“H| R*H | R®%H | R®H | R-A | R%-H
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E-7 X-A R2-A R20-J R3-B R3a-B R3b-G R5-H R6-E E-8 X-A R2-B R20-H R3-G
R3a-H R3b-H R5-H R6-F E-9 X-A R2-B R20-H R3-G R3a-H R3b-H R5-H R6-G E-10
X- A R2- B W2Qo04/0R874G R3a-H R3b-H R5-H R6-1 E-11 X- B R2- BCRZO2bbsRB2187 R3a- H
R3b-H R5-A R6-1 E-12 X-A R2-C R20-F R3-A R3a-D R3b-D R5-A R6-A E-13 X-A
R2-C R20-A R3-A R3a-G R31'-A R5-C R6-F E-14 X-A R2-C R20-B R3-B R3a-A
R3b-B R5-D R6-G E-15 X-A R2-C R20-G R3-F R3a-F R3b-E R5-H R6-H E-16 X-A

R2-C R20-E R3-D R3a-E R3b-F R5-H R6-G E-17 X-A R2-C R20-B R3-B R3a-H R3b-B
B AN AV o SR T LN o O DA o M LS
X-B R2- D RpO- EEB- G RBaX{ Ri IR@ R5RE-R6F R*-A- RIR'KEA RRIEB R (R°B R3- RF-R34- E
e 0.0 o E a0 1ok R R R B B R L
R5-D R6-F | E- 2B-5%- A Rp- X AR20-R-R3- Gz‘lﬂ?aa-lijEg- HRRD E RE-E | R°26 X-B-R2+ E
%%H Eszg ;?OCEEQTGEUEQZO’& ES q:w%aﬁﬂzu g'ﬁ@é E%FFHRM% ;é% . @'1?'21 I-Qg-D
R20-1 R3-H| R3agldoRi b- H R G FE-B0| KRHR2-FP-G2D-#3* 83 FRR3a- D RRilp- H REAA | R6- |
E-31 X-A R-FRO-FR3-B RBa-B Rat-—GRSFAR-E £-32 GA 2 RP-1, R39G
Rea-H Ri b- [ RSEAORe- || ¥Ao3 A Ro RE-ob Rl ER iz HRETD- C b B| -6 | E- 34
X- A R2-F RPO- HeR3- G RBaxlg R Ix2tk RERB-R6F RE-E- BR¥AA |RR*ED R2GRotA R3- kb-B3a- H
Ri b- H R5- F -R6—D—E-361 X-A-R2—-GR20-AR3+-6-RBar H-Rb-H-R5-ARG-HTE-37X- A
R2- G R20- H| R3-B623a- H RAA H REH REF | R-A | R°C | R°B | RB | R'F

E-63 XA | RRK | R®B | R*D | R®C | R®H | R-C | R’G

E-64 X-C | R=K | R®F | R®C | R®G | R®™F | R“D | R%:A

E-65 X-A | RBK | R®F | R®B | R®*G | R®"F | R-F | R%A

E-66 X-A | RRK | R“A | R°*G | R®*H | R®™H | R%H | R%D

E-67 X-A | RRK | R®H | R®*H | R®*H | R®™H | R-A | R%I

E-68 X-A | RRK | R®B | RE | R®*H | R®D | R%C | R%A

E-69 XA | R.L | R®A | R*C | R®H | R®F | R°C | R%-G

E-70 XA | RBRL | R®D | RD | R®D | R®H | R%-C | R%A

E-71 X | R.L | R®A | R>C | R®*H | R®F | RC | R%.G

E-72 XA | RAL | R®G | RG | R®A | R"E | R%-H | R%“E

E-73 XA | RL | R%H | R?G | R®H | R®H | R-H | R%H

E-74 XA | RRL | R®G | R®G | R®E | R®H | R-H | R%

E-75 X-A | R>M | R®D | R-.F | R®D | R®H | R-A | R%

E-76 XA | R”M | R®B | R“E | R®*H | R®C | R>B | R%G

E-77 XA | RBM | R®J | R®D | R®B | R®".G | R®H | R%E

E-78 XA | RPRM | R%A | R®G | R®H | R®H | RD | R%H

E-79 XA | RPM | R®H | R%H | R®*H | R®H | R.E R®

E-80 XA | RBM | R®J | R-A | R%F | R®A | R-F | R%“F

E-81 XB | RBM | R®l | R“A | R®F | R®A | R-F | R%“F

E-82 XC | R”M | R®l | R-A | R®F | R®A | R-F | R%“F

E-83 XA | RN | R®D | R-F | R®*D | R®H | R-A | R%A

E-84 XA | RRN | R®A | RE | R®*A | R®D | R>A | R%E

E-85 XA | RRN | R®Cc | R°C | R®*H | R®F | RC | R%F

E-86 X-A | RAN | R®%F | R B | R®*G | R®F | R®D | R%A

E-87 X-A | RN | R®G | R%-G | R®A | R*®C | R%H | R%A
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E-38 X-A R2-G R20-H R3-H R3a-H Rib-H R5-H R6-H E-39 X-A R2-G R20- 1

R3- G

R3a-H Rib-H R5-H R6-1 E-40 X-A R2-G R20-H R3-G R3a-H Rib-H R5-H R6-H E-41

X-A R2- GWBQodd/R8#H R3a-H R b -H R5-F R6- |

E- 42 X- A R2PHTR22008/083t0E R3a- A

Rib-D R5-A R6-E E-43 X-A R2-H R20-F R3-A R3a-E Rib-B R5-B R6-F E-44 X-A
R2-H R20-B R3-F R3a-C Rib-H R5-C R6-G E-45 X-A R2-H R20-F R3-B R3a-G Rib-F
R5-D R6-A E-46 X-A R2-H R20-D R3-F R3a-H Rib-H R5-H R6-G E-47 X-A R2-H

R20-H R3-G R3a-H Rib-H R5-H R6-E E-48 X-A R2-H R20-H R3-G R3a-H R b-H R5-H

- E R3a- ML oo B A L B R .'**.ae‘é*é Rt g Botg ROF RIS
E-52 X-A Rp-J B39-D R3-K-AR3a-RO-Wi b-R¥-B5| R REH3 REMHR2-RF-R2D- R*R3{H
R0 H R3O Rga-lsﬁ‘a. M P e ’%9. R ereD A R e v
R6-F E-56|X-CEMA-J RROXIA R3-RAG3pRY-Ri b-RI-R5; RRE H RE-B7| )R¥BR2-R*-R2(0- H
E?égG >F\<)3 B [R):Z-J R H Eafgﬁ%a- 505 pRI-B[ [RRE. h REGd B o Re-Go P%QQRE !
R3a- A Ri b-D R5gA3R6- G X461 2B RRRL.B20-RE.31 RR3A-|ARRaE - D ¢ A R§ E- 62
X- A R2-K R2O-F_R3-ARBa-€ Rbh B R55PpR6-F _Er 63 X ARG KRB RED m‘a C
R b-H R5- C|R6- BY4E. 64 XX Rp R-Gon RE-Ral RrBal (R IFREAD -G | ERBA - A
R2- K R20- F|R3- Bgg3a- G Rklx A fB:dr RR?®F E-oe X! RRE K RO A R85 R3ge.N R b-H
R5-H R6-D HE—67 X-A-R2-K-R20-H R3r-H-RearH-RbrH oA Re-—1—+E- 68 %A T2 K
R20- B R3- E|R3aEN6R b-p X#  @-Q | R%-G | G | R®A | R°C | R°H | R'E

E-97 XA | R0 | R®H | RG | R®H | R®H | R%H | R%H

E-98 XA | R0 | R®H | R*H | R®”H | R®H | R-H | R%H

E-99 XA | R0 | R’ | R°G | R®H | R®H | RAH | R%H

E-100 XA | RO | R | R®H | R®H | R®H | R>H | R%H

E-101 XA | RRO | R%J | R®G | R®%H | R®H | R-A | R%H

E-102 XA | R0 | R®J | R*H | R®H | R®H | R-C | R%H

E-103 XA | RO | R®H | R°G | R®H | R®H | R-D | R%F

E-104 XA | RRO |R®H | R®BG | R®H | R®H | R-E | R’G

E-105 XA | RRO | R®H | RG | R®™H | R*®H | R%F R®-I

E-106 XA | R0 | R®l | R?G | R®H | R®H | R:F | R’F

E-107 XA | RRO | R | R?G | R®*H | R®H | R-F | R%G

E-108 XA | RO | R®] | RBG | R®*H | R®H | R%F R%

E-109 XA | RRO | R?J | RG | R®H | R®H | R®H | R’F

E-110 XA | RO | R%J | R®G | R®*H | R®H | R>H | RG

E-111 XA | RO | R®%J | RRG | R®"H | R®H | R*H R%-I

E-112 XA | RRO |R®H | R®G | R®H | R®H | R-A | R%H

E-113 XA | RRP | R®A | RE | R®A | R®D | R-A | R%:E

E-114 X-A | RRP | R®F | R“A | R™E | R®B | R%B | R%F

E-115 XA | RRP | R®B | RF | R®*C | R®H | R’C | R’G

E-116 XA | RRP | R®C | RC | R®*H | R®F | RC | R%F

E-117 XA | RRP | R®D | R*D | R®D | R®H | R%C | R%A

E-118 X-B | RAP | R®C | R®C | R®H | R®F | R%C | R’F

E-119 XB | RRP | R%C | R°C | R®H | R®F | RC | R%E

E-120 XA | RAP | R®F | R>B | R®G | R®¥F | R®D | R%A

E-121 XA | RRP | R®’G | R?G | R®*A | R®*C | R®H | R%-E
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E-69 X-A R2-L R20-A R3-C R3a-H R b-F R5-C R6-G E-70 X-A R2-L R20-D R3-D
R3a-D R b-H R5-C R6-A E-71 X-C R2-L R20-A R3-C R3a-H Rat-F R5-C R6-G E-72
X- A R2- L W2Qo68/0R87+4G R3a-A R b-E R5-H R6-E E-73 X- A R2- PCRZO2bSRB2187 R3a- H
Rib-HR5-H R6-H E-74 X-A R2-L R20-G R3-G R3a-E Rib-H R5-H R6-1 E-75 X-A
R2-M R20-D R3-F R3a-D Rib-H R5-A R6-1 E-76 X-A R2-M R20-B R3-E R3a-H Rib-C
R5-B R6-G E-77 X-A R2-M R20-J R3-D R3a-B Rib-G R5-H R6-E E-78 X-A R2-M
R20-A R3-G R3a-H Rif-H R5-D R6-H E-79 X-A R2-M R20-H R3-H R3a-H Ri b-H R5-E

ro A Foa PLa E R o (A DR Re-B Db gl R | R D e BRMECR |
E-83 X-A R2-NER223D 53-}E.Ate3a FB.R bRA-A5L RAG- A REHB4 R3bAH R2-R-DR2D-RE-R3{ E
A RN RI0 B D, ReaX A o R R e A6 %R*‘"i?‘ BN R . Blah A
R b C RS- H R6-g1268 WD 2009/ (9747 RECT) CAPGSS] (92207 REBE R R2_ RR20-H
00 A Rh ORI A B3 Bhan B bR fe. ACRS. L REFog RoAi ! 59'??'21:)? T
R3a-E Ri b-B R% Bof6-F| kD2 R¥%p R21@’ F2D-B.&3; RRip-| (RRW-HREF O REE | E 93
X- A R2- O R20-C R3—C RBa—HRi-b-—FR5—E€-R6- F 94— X%-AR2 ULG-DR'*unodD
R b- H R5- C| R6-Bx12&- 95| XXA RQ-RSthoJi"’ | R@a] REHh-|FREH D -R | ERbS X-A
SR T RS TN S SR R T R
R20-1 R3- G|R3EHB® b-H RAH ME-Qi | R%A | RE | R®A | R®D | R%A | RE

E-131 X-A | RQ | R®F | R*A | R®E | R*B | R-B | R%F

E-132 X-A | RRQ | R®B | R-F | R®*C | R®H | R%C | R’G

E-133 X-A | RRQ | R®’Cc | R®?C | R®H | R®F | R%C | R%F

E-134 X-A | RRQ | R®D | R*D | R®D | R®™H | R%C | R*A

E-135 X-A | RRQ | R®F | R*B | R®*G | R®*F | R®D | R%A

E-136 XA | R=Q | R%H | R®B | R®*B | R*®B | R-E | Rl

E-137 X-A | RRQ | R®G | R°G | R®*A | R®C | R®H | R%E

E-138 XA | R=Q | R%H | R*A | R®*A | R®C | R%H | R’G

E-139 X-A | RQ | R®I | R*°D | R®D | R®H | R%-H | R%H

E-140 X-A | R=Q | R®| | RE | R®%E | R®F | R%-H | R%K

E-141 X-A | RRQ | R®H | RG | R®H | R®H | R-F | R%H

E-142 XA | RRQ | R®H | R®*H | R®*H | R®H | R>F | R%H

E-143 XA | R=Q | R® | R®G | R®H | R®H | R>F | R%H

E-144 XA | RQ | R®| | R®*H | R®*H | R®H | R>F | R%H

E-145 XA | R=Q | R®J | R®G | R®*H | R®H | R-E | R%H

E-146 XA | RRQ | R®J | R®H | R®™H | R®H | R-E | R%H

E-147 X-A | RQ | R®H | R®G | R®H | R®H | R-E | R%F

E-148 XA | RRQ | R®H | R*G | R®H | R®H | R-E | R’G

E-149 XA | RBQ | R%H | R*G | R®H | R*"-H | R%:E Ré-I

E-150 XA | RRQ | R | RRG | R®*H | R*®H | R>D | R%“F

E-151 XA | R=Q | Rl | R®G | R®H | R*®H | R*D | R%G

E-152 XA | R=Q | R®l | RBAG | R®*H | R®H | R-D | R&

E-153 XA | RRQ | R%J | RRG | R®H | R*"H | R*H | R%F

E-154 XA | RRQ | R?J | R*G | R®H | R®*H | R*H | R%G

E-155 XA | R=Q | R®J | R®-G | R®H | R®H | R>H | R%
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E-100 X-A R2-O R20-1 R3-H R3a-H Rib-H R5-H R6-H E-101 X-A R2-0 R20-J R3-G
R3a-H Rib-H R5-A R6-H E-102 X-A R2-O R20-J R3-H R3a-H Rat-H R5-C R6-H
E- 103 X- AvB2009/R2037H R3-G R3a-H Rib-H R5-D R6-F E-104 XcAvdRe@oe207H R3- G
R3a-H Rib-H R5-E R6-G E-105 X-A R2-O R20-H R3-G R3a-H Ri b-H R5-F R6-1
E-106 X-A R2-O R20-1 R3-G R3a-H Rib-H R5-F R6-F E-107 X-A R2-0 R20-1 R3-G
R3a-H Rib-H R5-F R6-G E-108 X-A R2-O R20-1 R3-G R3a-H Ri b-H R5-F R6-1
E-109 X-A R2-0O R20 J R3B-G RBa-H R b-H R5-H R6-F E-110 X-A R2-0 R20-J R3-G
R3a-H Ri b- HR5 E- 11Tt 28 RP0=z3J.  RB- G.R3a- Haj,bF -H Bb:,l | E-1
A R b R e b B I e R L RaHAT b T e B Bt R, |
R3a-A Ri b-D R55A5R6 E B 1R2QA R¥p ?2@36 R3R§A.|-R3aREb.R| b B R51 BRRA- F
E-115 X-A R=P-R2O-B R3=FRBa= L RI=}5R-C & X RZ2P-C|R3- C
R3a-H Ri b- £ RSE#5®ke-F| B L R@A Bop R EB k3 lihSahD'@l b- 'ﬁé'ﬂ& gQRB' A
E-1 18 X-B|R2-g1B830-C Rﬁg: R¥edl Rig»2pH ?5R2C‘6Rb |E38 -1h9°-p( B ®2yP| RROHC |R3- C
R3a-H Ri b- FR5-—c-R6-—E+—F- XAR2-P-R20- =B R3a-G, Rbr — R-D R6-A
E-121 X-A R2- FE480- G RsX@ RSaBﬁQR tB'éHR' 'Rﬁke R74H \WB° 2’c!09/|%>7@747'2 -H
PCT/ CA2008/{00 12 A@?QP 0 H R3asahly Ri R5-g3_R61 Hes B- 123
X-A R2-P R20 'Z-F'Lgém FBa%:'-(!g(R b-H .DsF% 6 Eﬁ“@ :2'% hi' Baélﬂ% m%}& :huﬁRCa-H
Ri b- H R5- E |R6-EH6E- 125 X-\ RRFQR20RI*-IR3-RE-H3a- b- R*FE- F ReG1 | R-H 26
X-A R2-P 0-J 5 G RBayH R s Rb-F20 R61 Fos E- 124324 A R3a- H
R b-H R5-F pﬁ-ltz:'%?i-wz %éA -débw_ . 1'822-3:'_%‘3@_%@ é’.’ -1 DE _‘:é! E%gg X- A
R2- P R20- H|R3-B1B8a- H| RKi8 H AE-@ RR*MA E-R3G X-R™R2-|QRR2H- A RBGE| RRAHA
Rib-D Ro- AR~ os XB | R2Q | R®H | R%G | R®*H | R®H | R>-G | R°H

Examples of most preferred compounds according to this invention are each single

compound listed in the following Tables 1 and 4.

5 In general, all tautomeric and isomeric forms and mixtures thereof, for example,

10

15

20

individual geometric isomers, stereoisomers, atropisomers, enantiomers,

diastereomers, racemates, racemic or non-racemic mixtures of stereoisomers,

mixtures of diastereomers, or mixtures of any of the foregoing forms of a chemical

structure or compound is intended, unless the specific stereochemistry or isomeric

form is specifically indicated in the compound name or structure. Compounds of the

invention that contain asymmetrically substituted carbon atoms can be isolated in

optically active or racemic forms.

It is well-known in the art that the biological and pharmacological activity of a

compound is sensitive to the stereochemistry of the compound. Thus, for example,

enantiomers often exhibit strikingly different biological activity including differences in

pharmacokinetic properties, including metabolism, protein binding, and the like, and

pharmacological properties, including the type of activity displayed, the degree of

activity, toxicity, and the like. Thus, one skilled in the art will appreciate that one

enantiomer may be more active or may exhibit beneficial effects when enriched

relative to the other enantiomer or when separated from the other enantiomer.

Additionally, one skilled in the art would know how to separate, enrich, or selectively

prepare the enantiomers of the compounds of the present invention from this

disclosure and the knowledge in the art.
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E-131 X-A R2-Q R20-F R3-A R3a-E R b-B R5-B R6-F E-132 X-A R2-Q R20-B R3-F
R3a-C Rib-H R5-C R6-G E-133 XA RR-Q RR0-C R3-C R3a-H Rib-F R5-C R6-F

E- 134 X- AvB20@/R2B7D R3-D R3a-D Ri b-H R5-C R6-A E-135 XeAvdR20@Q0e207F R3-B
R3a-G Rib-F R5-D R6-A E-136 X-A R2-Q R20-H R3-B R3a-B Ri b-B R5-E R6-1
E-137 XA R2-Q RRO-G R3-G R3a-A R b-C R5-H R6-E E-138 X-A R2-Q R20-H R3-A
R3a-A Rib-C R5-H R6-G E-139 X-A R2-Q R20-1 R3-D R3a-D Rib-H R5-H R6-H
E-140 X-A R2-Q R20-1 R3-E R3a-E R b-F R5-H R6-K E-141 X-A R2-Q R20-H R3-G
R3a-H Rib-H R5-F R6-H E-142 X-A R2-Q R20-H R3-H R3a-H Ri b-H R5-F R6-H
E-143 X-A R2-Q R20-1 R3-G R3a-H R b-H R5-F R6-H E-144 X-A R2-Q R20-1 R3-H
R3a- H Ri b- H Feparpiienpf pure gisrepiseneps, §-REnantiqeresapd Jiasfereqsness (o nxigresy
E-146 X-A R2- d@d@&%d]eﬂgﬁtlé'ﬂngﬁ@e)lde% oF@neﬁqn%eh‘c plrity, ‘fe SchdripishedBPord R3- G
R3a-H Ri b-H R5-E R6- E- 148 X-A R20-H R3-G R3a-H Ri b-H R5-E R6-G
E-149 X-A R2 OQWEQHhRSU@VF@ghPFWfHa#%r%OR@r resofttior of snantipers, oK) | R3- G
R3a- H Ri bgH %‘i‘a%cﬁ@éﬁtw&s s?é‘k‘hom“t@t%%@'o\‘ slﬁ@mcﬂﬁ&ﬂ éﬂﬂdﬂnﬁlﬁ%n%&@oﬁ

E- 152 X-A R2- % R3- Eg -J R3-G
R3a-H Ri b-H FE eﬁremowtw\::nﬁhpob% ga%nﬁ'zﬁ“b%en 9“@*@09@301@'?%1' Boludey °rH R6 G

E- 155 X- A R2-&.

f& enidarat usﬁ‘lgh:H‘T'al%'iaﬂdnBﬁr hasé@ e%t?d%@%/cmdg
PCT/ CA2008/ 00210 E- 156 X- Q R20-H R3-H -H R H R6 E- 157

X- B R2- Q R20-9Uepscampigtion, R?W'W'%?fﬁy'ﬁéeﬁlﬁ UE“&S@f%aBX'F&"e@ W@t"isqi%ct'll? R3a- H
Ri b-H R5-H RGsyhtheEs%rQQmKh@aWn&éﬁgﬂndtld%n@cﬁ@@Mﬁoﬁl &rdfohankbip- H  E- 160

X-C R2-Q R20-H H H H
Ri bC H R(SD 8 OR@n|q|r?’t:?oselectlve crystall?zatlon SL%thgethods are c:l1 sclosed gengaﬁzm Cghlra -G R3a-

o

Separation Techniques: A Practical Approach (2nd Ed.), G. Subramanian (ed.),
Wiley-VCH, 2000; T.E. Beesley and R.P.W. Scott, Chiral Chromatography, John
Wiley & Sons, 1999; and Satinder Ahuja, Chiral Separations by Chromatography,
Am. Chem. Soc., 2000, herein incorporated by reference. Furthermore, there are

15 equally well-known methods for the quantitation of enantiomeric excess or purity, for
example, GC, HPLC, CE, or NMR, and assignment of absolute configuration and
conformation, for example, CD, ORD, X-ray crystallography, or NMR.

The compounds according to the present invention are inhibitors of the hepatitis C
20  virus NS5B RNA-dependent RNA polymerase and thus may be used to inhibit
replication of hepatitis C viral RNA.

A compound according to the present invention may also be used as a laboratory
reagent or a research reagent. For example, a compound of the present invention
25 may be used as positive control to validate assays, including but not limited to

surrogate cell-based assays and in vitro or in vivo viral replication assays.

Compounds according to the present invention may also be used as probes to study

the hepatitis C virus NS5B polymerase, including but not limited to the mechanism of
30 action of the polymerase, conformational changes undergone by the polymerase

under various conditions and interactions with entities which bind to or otherwise

interact with the polymerase.

Compounds of the invention used as probes may be labelled with a label which

35  allows recognition either directly or indirectly of the compound such that it can be
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E-162 X-C R2-Q R20-1 R3-H R3a-H Rib-H R5-G R6-H E-163 X-C R2-Q R20-J R3-G
R3a-H Rib-H R5-G R6-H E-164 X-B R2-Q R20-A R3-G R3a-H R b-H R5-G R6-H

E- 165 X- BVB2e@/iR207H R3- G R3a-H Ri b-H R5- G R6- H Exanpl e®cofcAarosstooproef er r ed
conmpounds according to this invention are each single conpound listed in
the followng Tables 1 and 4. 5 In general, all tautomeric and isoneric
forms and m xtures thereof, for exanple, individual geonetric isoners,
stereoi soners, atropi soners, enantioners, diastereoners, racenates,

racemc or nCUbtécﬁ@cﬁmii\éhsu‘réﬁtaﬂdQﬁlaﬁfﬁeat Balsdd smmﬁplatedrfbmw\mm thé
di ast er eoners m xtﬁutées of ﬁCIOf t f or rnms of chem cal

structure or ‘f?('ﬁﬂ%‘ﬂﬂ?io e”TYFBthQﬂe' ugﬁ”bélggretrﬁagﬁoig%&of ﬁlémg?cﬁnégeﬁlém stry or

i soneric 10 f@remnumume@tﬂabéw kylorimgiric ek, enzynfetic cearkers Nddivadtiveor
structure. ounds ent IaéP t hat contain asymetrically

substi tuted dﬁ 1BRT: 3#'5'!%%@3@”8 POBTAINIIPHPS opt i cal |y~ active or racenmic
forms. Itsis well-known in the art that the biol ogi cal and pharmacol ogi cal
activity of 15 co d.is en5|t ve t thesere m,stry of.th
Conpound. ThaRomPOB e aTerlch kind BreiBet Paua e e araet MM e i oo
di fferent bi olegiectbngaffinity foy airecdptsticag baiuste teaxtest frdm aHdation tekérmiet |
properties, inclu .met abol i sm ot ej n bindi and ?’b and
Phar ol ogi cAMNTUBEITRES Sl Rirghlags Fbide it adlis feddolitiala ¢ ne
degree of  acderivative thérext, aitistidinandlybbptide, k@olydiyirine, @nansidselsadar moietye art
wi Il appreciate that one 20 en r_may.be re active or may exhibit
benefici al® ef¥'éd 4"3'”%83' rrggwga'b[%ﬁ/aq ?R}%'f'&?ngﬁ%‘ﬁot her enantioner or when
separated fromthe other enantioner. Additionally, one skilled in the art
woul d know h separate or.sel ectivel nanti oners
of 't he  conpodiibeEToBr e wsBRE! PrhaRiSh e Thbes Py B FBelrEmERA t ne
know edge in ;in)rea(ItlveQﬂou‘ﬁ&tkﬁﬂﬂ@/tr&ﬁﬁfé#ﬁfe@ﬁﬁb@éﬂﬁ@ﬁér@ﬂﬁﬂ@? frori epavest | on of
pure stereoi soner E g F’ %tleg,ﬁoma S Y
desired enant9'8i2 |%re€ ‘éveesss°e(°‘88)5“8 aér?ah%% BREPE ENRArgAEive %[P%P%BEB%PE‘%hed
by one ors nuoare nof linhiteal tophytoaintyEbelofsuélads sexapbsnae am azie@rotipson of
enantioners, or (b) 5 enantioselective synthesis known to those of skill in
the art, or a conmbination thereof. These resolution nmethods generally rely
on chiral r _edb.grmietmmn ancmpourdebeordirgy to tiex priepéret,inventionmiag §e apdy totssat gr
chiral stati Opnrg\géﬁt eiraﬁségrsxtamma%%'o ma{erlafs an %Iti}w]ere%ore reduce the risk of viral
infection of laboratory or medical personnel or patients who come in contact with
20  such materials (e.g. blood, tissue, surgical instruments and garments, laboratory

instruments and garments, and blood collection apparatuses and materials).

Pharmaceutical composition
Compounds of the present invention may be administered to a mammal in need of
25 treatment for hepatitis C viral infection as a pharmaceutical composition comprising
a therapeutically effective amount of a compound according to the invention or a
pharmaceutically acceptable salt or ester thereof; and one or more conventional
non-toxic pharmaceutically-acceptable carriers, adjuvants or vehicles. The specific
formulation of the composition is determined by the solubility and chemical nature of
30 the compound, the chosen route of administration and standard pharmaceutical
practice. The pharmaceutical composition according to the present invention may be

administered orally or systemically.

For oral administration, the compound, or a pharmaceutically acceptable salt or ester

35 thereof, can be formulated in any orally acceptable dosage form including but not
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guest conpl exation, resolution or synthesis using chiral auxiliaries,
enanti osel ective synthesis, enzymatic and nonenzymatic kinetic resolution,
or spont avecu®/dB74enant i osel ective crystallization. SuclrcrriAzoeaozine

di scl osed generally in Chiral Separation Techniques: A Practical Approach
(2nd Ed.), G Subramanian (ed.), WIley-VCH 2000; T.E Beesley and R P.W
Scott, Chiral Chromatography, John Wley & Sons, 1999; and Sati nder Ahuj a,
Chiral Separations by Chromatography, Am Chem Soc., 2000, herein

i ncor por at ed |Pyiteti®h G5 EEULR  suEPEHsIRE HRH Rolutiie, %a@s!lﬁeslﬁo@&é@' éyYur)éeé“)arg BPwn
met hods for the quantitation of enantionmeric excess or purity

exanpl e, GC, tpiplets; Ferrsysigmiggaminigiiation dicireut et lipitest tG@Q”\H’Bﬁﬁ“@GP&t i on and

conf or mat i On’st@ﬁtaﬁé@J@In%acﬁgneéggantr&é@)és GhirsrhadduReiapddrtic@ar, NVR. - The
conmpounds according to the present invention are inhibitors of the

hepatitis C iPasyNPYial Ngﬁﬁemk\m%?abﬁﬂd italesionaliBiestion ARfusitis nmay be

used to imhi BthnigRR!  BareRre@to BEPALHILIIGH & thé ESthpdiING, ofs SIRAFRUEGcAMEOr di ng
to the present invention nmay al so be used as a laboratory reagent or a

research r eag@??PtaP'Grsagﬁéﬁﬁ?b"he§°&d'i‘rﬁ(5’ﬁﬁﬂnﬁ?ﬁu’f'??é'y prediaie stajle FAM8RHS 25 may
be used as pogihida/e control to validate assays, including but not limted
to surrogate cell-based assays and in vitro or in vivo viral replication
assays. Conmpounds according to the present invention nay al so be used as

probes to st ushiarmbbeutiR8RAddcEptable caidiS R Bnts OlenBRisA8RsipieMs aHE bagitiiag not
limted to the nmechani smof 30 action of the pol ynerase, conformatlonal

changes utderd3fone! 3ymethedpef fpraylalng Pharmaseufissli comwosibeRs for ¥aroug mpdes of

i nteractions gMnhiRis@tidntdre veWMkh&6Wn B thesd 6f kil lﬁ'ftmﬁéﬂ\bl’q‘f@areldé%@rrb%@tlnw th the
pol ynmerase. Conpounds of the invention used as probes_m be | abel l ed with

a | abel whi cwhayya@ﬁqt's%e%éwﬁm% Remingtanh &he §F'PB?§ aRd BraclicRpfFRimacot t he
conmpound suchyfshgditibh, LisHndde WiltiRmaQR ARMs 030064 4ndPCV mmm&a&%h and

detected, neasured and quantified. Labels contenplLated f use with the

conpounds of ﬁe%ﬁ@eﬁ?qrmc?ﬁ@?w‘@ag&ﬁo”ﬁ? éndorug 'Pﬁ'i"?@’dsxs@m? BtbeEscent

label's, ghenijpplRddtenmrits & FVifdrs, 2004, BbidifehtbpolatliehBrefedaemat i ¢ mar kers,
radi oactive isotopes, affinity tags and photoreactive groups. 5 Corrpounds

of the invention used as probes may also be labelled with an affinity tag
whose strong Bid dd¥ab¥ abiinisterc8 @RIPYARY dEFehdRRy oRknb@n @xdtéraGhcifidifgbat rfodl ut i on

the entity limited to the activity and pharmacodynamic characteristics of the specific compound

employed and its mode, time and route of administration; the age, diet, gender, body

20  weight and general health status of the recipient; the nature and extent of the
symptoms; the severity and course of the infection; the kind of concurrent treatment;
the frequency of treatment; the effect desired; and the judgment of the treating
physician. In general, the compound is most desirably administered at a dosage
level that will generally afford antivirally effective results without causing any harmful

25 or deleterious side effects.

A daily dosage of active ingredient can be expected to be about 0.01 to about 200
milligrams per kilogram of body weight, with the preferred dose being about 0.1 to
about 50 mg/kg. Typically, the pharmaceutical composition of this invention will be
30 administered from about 1 to about 5 times per day or alternatively, as a continuous
infusion. Such administration can be used as a chronic or acute therapy. The
amount of active ingredient that may be combined with the carrier materials to
produce a single dosage form will vary depending upon the host treated and the
particular mode of administration. A typical preparation will contain from about 5% to

35  about 95% active compound (w/). Preferably, such preparations contain from about
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to which the ligand is attached. Affinity tags include but are not limted
to biotin or a derivative thereof, a histidine polypeptide, a

pol yar gi ‘woeposntcamy| ose sugar noiety 10 or a defined epirtcxpesreziogni zabl e
by a specific antibody. Furthernore, conpounds of the invention used as
probes may be | abelled with a photoreactive group which is transforned,
upon activation by light, froman inert group to a reactive species, such
as a free radical. Photoreactive groups include but 15 are not limted to

phot oaf fi ni t y2duakehso 8otk agivéennpplirnone and azi de groups. Furthernore, a
conpound according to the present invention nmay be used to treat or

prevent viral contami nation of materials and therefore reduce the risk of
viral infectcembifationdperdpyry or nedi cal personnel or patients who cone in

contact with 20 such terl al s tissue, surgical, inpstrunments
and gar ment s, CPRBHREY 9rapiyHg@qr&?fgﬁﬁtgdé{ﬁ'@rggﬁﬁgﬁpguni%c%ﬁ H’tBSI | ection
appar at uses amdermahedsﬂ AptigrmacEizbNpaptablelsan @Frpstst thesf, @W@dl’ﬂﬁ%té}édt he
present inventjon m ni stere 25 Lreat ment

for hepatitisWih gile t°Pﬁ@§8*'?%a g"'ré‘g?ﬁﬁi‘rt %@%ﬁ?ﬁ?'n@gﬁ%&ﬂ bR i si ng

a therapeuti caitth yorapdieeis iof thiinerion & creaCn¥ingls dosageofothh NYtertativéig theseent i on
or a pharnmac I ca ccep abl e sa ester thereo e Or_ nore
convent i onal (#{5 L?gl%’ SRy EEQﬁr?ft‘?&IqCEm'Qﬁt@é &Bn@r@aﬁyfgresreguergl@flh\?ams or
vehi cl es. Thep&pefd iuRiplefdosage fRinnon of the conposition is determnmned by the
solubilit and chem cal nature of 30 the conpound, the chosen route of

adm nistration and standard pharnmaceutical practice. The pharmaceuti cal

conposi tion awrh@hd}i\élgqérmab&mcar@mvsuubnwemd iaverey cbmpriﬁirﬁ corstiested obr al |y

or tem cal | For oral tration or a
pha?)r/r:tceutl caf )P/WB‘&LHE&)‘TCSBT gstﬁl 'I?éSB‘P’e'%tl?f‘e?ra h'?rfnﬁ‘& '?V SRPBRIESEI R at ed i n

any/ oral y/ aceapt tableof, 4ag age of mors aduitionai mwbaltagaam b(d;ﬁi th):é&ﬁ@&Jrﬂ?eﬁhMﬁe |
PCT/ CA2008 002 ueous .sus sol uti sul es,
oneior 2008 O diona] 4gart S pd B R a AR R RV I B St ek 30 T 1607

i ncl udi ng1gut amDinotd prefeesbly Betavdoh Bbautr1atandr8oy of taabcw@mualy

i nt racut aneous enoushot}qnt ranuscul qn intra-ar

i ntrasynovi al adm'ﬂfs}eﬁ%@r%@ﬂ RiAPAfFRVEST- In g Lashof 8I5¥g?r8'ﬁ§?r inferadliopi on or

i nfusion 5 t epdtvean &, conipousd pfthéenivreatiort andithe addiiohaltantvirabégdriter agantgund,
or a phar rraceﬁ%tl cal | acce t or ester t

e
phar maceut i cal PyO53% %%fteggpég@p&hﬁag NERASOIRN R F |g§et|%n may bé reduced

compared to the dosage normally administered in a monotherapy regimen.
20
Antiviral agents contemplated for use in such combination therapy include agents
(compounds or biologicals) that are effective to inhibit the formation and/or
replication of a virus in a mammal, including but not limited to agents that interfere
with either host or viral mechanisms necessary for the formation and/or replication of
25  avirus in a mammal. Such agents can be selected from another anti-HCV agent; an
HIV inhibitor; an HAV inhibitor; and an HBV inhibitor.

Other anti-HCV agents include those agents that are effective for diminishing or
preventing the progression of hepatitis C related symptoms or disease. Such agents

30 include but are not limited to immunomodulatory agents, inhibitors of HCV NS3
protease, other inhibitors of HCV polymerase, inhibitors of another target in the HCV
life cycle and other anti-HCV agents, including but not limited to ribavirin,

amantadine, levovirin and viramidine.

35 Immunomodulatory agents include those agents (compounds or biologicals) that are
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Phar maceutically acceptable carriers, adjuvants, vehicles, excipients and
additives 10 as well as nethods of fornulating pharnmaceutical conpositions
for vari owe 2mdes746f adm nistration are well-known to PrhosR20ds/mekioll in
the art and are described in pharmaceutical texts such as Rem ngton: The
Sci ence and Practice of Pharmacy, 21st Edition, Lippincott Wlliam &

Wl kins, 2005; and L.V. Allen, N.G Popovish and H C Ansel,

Phar maceuti cal Dosage Forms and Drug Delivery Systens, 8th ed., 15

é' ppi nco;I t Wéf’tfécw%togenl\ﬁ:éhké aﬁpot&Q%thb%munes @rh@@i@infdlrba/nfaﬁfnlﬁlgnce bTPe
osage a m ni stered w var n actors I.Ng ou
ot OF it oAt Bt Ty ROB PRI iR dnaaia e Resb e o
speci fic conmpgshydro g@ﬁﬁé@mm@lt@r@@utﬁ §s WRUB7 (hicAmepodlb\BaHex Fifaraddsuticas); at i on;
the age, diet, %g ht andﬁ%eneral heal t h str%pus of the

reci pi ent: thEasskigiesewRs ‘é?&séh‘f’t%'de PR CLPRPTUSHRIETEI08S RRAR TS SN cour se

of the i nfaectpéwatédmtéﬁemhscéndc&nmgétreemiteﬁéreaé nidNiding butenof Krdigatetocy  of
treatment; the e r%f ect desire physi ci an.

In general, tHi® %ﬁﬁwgﬁ@d%@tm'&%ﬂ?tﬁﬂﬁ?ﬂg@ %%P@ggﬂ e§t°i? gga | evel
that will gengpamiryCriskoiferasions/ireal gryu;ebffmwemsrtmuaubmdmtéveptormusi ng

any harnful 25 or deleterious sid ffects age t|v

i ngredi ent ca'ﬁ°|H€'”gPﬁgb'feéWa?‘ba’HgSyQ%@ﬁPaIU Riadycsd &%5%1%,'”9?5% dq}ﬁ I"i' ﬁ(’:' per
ki | Ogr am of bpehrferatisEHNtbindNotrBcdpisr tifeall. Exaapicdas elabei mgar%hﬁistm@udle bot argbout
50 ng/kg. Typically, the pharmaceutical conposition of this invention wll

be 30 adnithi sPeiigie tewrdbofn Wi and wREHEross: Whtsexgrples ) clgss U interfsians vel v,
as a conti nquEluﬁé NS FePibt |.§;+@@t@9 BSbh&lih BRe FRFrRR 44p8E, MR dthdrlahgni c or

acute therapy. T anount active ingredient that may be conbined with
the carrier nHE¥rdgentisten mtplrferanc%reéer@bmgln%mtﬁf%emlsmlememfmm gigjoubependi ng

upon the host gd gflﬂ Hﬁealprpéiﬁé' bl@fedrﬁ'ﬁgﬁ h A Borbhald iRfriefont YPI cal
ors<8h i

preparation w tal n rom about’ to 35 a out 95% act1ve conpoun
(Ww. Prefer @tﬁrgﬁrorsalema i epd hvarhohlasteishinterfaron: brensuueterred asppt. 2099/ 076747

PCT/ CA2008{ Ooﬁt;rgr?osﬁ%g%oh@r@@é'korﬁgo@ SFtNSinCIRALUA intdHRAH A l&qmtnherapy

Conbi nation t nt enpl at ed erein a conpound according to the 5
i nvention, or a phar naceutlcal |y acceptable salt or ester thereof, is

o Tonar oot S NSepioca ks R conplfds bl 8 e
create a Si ngﬁféecdib%@géhlb'@)thﬂfumtpérqﬁﬁﬁwﬁl PEatease in a mammal. Inhibitors of HCV
NS3 protease include, for example, those compounds described in WO 99/07733,
20 WO 99/07734, WO 00/09558, WO 00/09543, WO 00/59929, WO 03/064416, WO
03/064455, WO 03/064456, WO 2004/030670, WO 2004/037855, WO
2004/039833, WO 2004/101602, WO 2004/101605, WO 2004/103996, WO
2005/028501, WO 2005/070955, WO 2006/000085, WO 2006/007700, WO
2006/007708, WO 2007/009227 (all by Boehringer Ingelheim), WO 02/060926, WO
25  03/053349, WO 03/099274, WO 03/099316, WO 2004/032827, WO 2004/043339,
WO 2004/094452, WO 2005/046712, WO 2005/051410, WO 2005/054430 (all by
BMS), WO 2004/072243, WO 2004/093798, WO 2004/113365, WO 2005/010029
(all by Enanta), WO 2005/037214 (Intermune), WO 01/77113, WO 01/81325, WO
02/08187, WO 02/08198, WO 02/08244, WO 02/08256, WO 02/48172, WO
30 03/062228, WO 03/062265, WO 2005/021584, WO 2005/030796, WO
2005/058821, WO 2005/051980, WO 2005/085197, WO 2005/085242, WO
2005/085275, WO 2005/087721, WO 2005/087725, WO 2005/087730, WO
2005/087731, WO 2005/107745 and WO 2005/113581 (all by Schering), WO
2006/119061, WO 2007/016441, WO 2007/015855, WO 2007/015787 (all by
35  Merck), WO 2006/043145 (Pfizer), all of which are herein incorporated by reference;
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addi ti onal agents may be separately adm ni stered, concurrently or
sequentially, as part of a nultiple dosage form 10 Wen the

phar macewocady/oenposi tion of this invention conprises actamsbosanzion of a
conpound according to the invention, or a pharmaceutically acceptable salt
or ester thereof, and one or nore additional antiviral agent, both the
conpound and the additional agent should be present at dosage |evels of
bet ween about 10 to 100% 15 and nore preferably between about 10 and 80%

of the dosagesrdangehhdidatesiKre59t SCEIE03034 IMUINGT S THT/435350 @l MKAOOde case
of a synergistic interaction between the conmpound of the invention and the
additional antiviral agent or agents, the dosage of any or all of the

acti Vlel agegt slnhiaitdrb@(fj qumdméregehmmd@egmslmfbogaww_ iel_dgit:i@ls)tl’lat alesage
normal Iy adm stere 1.N not her a I men. tiviral, nts

cont enpl at ed ?r} tyRste "?mb@%@[{‘?’l‘g'%%@%gvgﬁly@?%{ﬁ?'i%h‘g?méb'tﬁbséﬂagge’%)%rrpounds
or Ib! ol ogiscal ?ré nbhighited 6, mfﬁ-médefmlet@dinmhiebsiae Lmoitbwm&m r\amev, NS5B
replcatlono a viru I n W | I ut no Imte ts
that interferRVMEEsE: X?W@%S[%ﬁh'kﬁtprﬁﬁr}w@%ﬁﬁﬁsgH%Cliq‘f‘l@cbé‘éé'é?rrﬂfttﬁ%’ﬁg‘fﬁe
formati on andhese pbdunas descridbd 4b VRO\02r04825 'Wa 0BA00TEMS5, \BICCOB/agErRDsWEan be

sel ected from anot her anti-HCV t LY. i phibitor: V i nhi bitor;
and an HBV i nf/®1414!. %@4%4?%3&\(7 %@gmﬁgs’%’/ﬂc\&go@o%ﬁ@%gg ts that are
ef fective for2oberiores8iwg 2007/000674 WOPDOVI067 PIRal BsBoehtingér Ingglaim),i s C
rel ated synpt or_di sease._Such i nclu but are not limted to
i mmunonod at‘&@oﬂﬁéﬁsﬁaﬁ’%—r aFB?)ME)i{@Mﬁ?%} QRacCO YRy i nhi bitors
of HCV pol ymezaoyf33088i WOt 200%/035 1 725) o D0068R0e82, iUS 2005/0439318,iviil@ cycl e and
ot her anti - HQV. I.nC | I.m t i Lri anmant adi ne,
| evovirin andZQH%?cgﬁ%gQ'ﬁ&.g @&%m&&%ﬁg&%é%&Qréb&%ﬂ%gg%{jwphose agents
( ]g: ]g)rrpounds orzdmﬁmlaragsgaﬁv@)zdormm%@ vx@@ommm, W@D@@?Bﬁsmmaﬁsmm?l
effective to r Nt | ' t se,Aln a mammal .
mmunomodul at B8 S zeb AV e L WO 2T BB $8PRAC e
nmonophos pfsat epo/0EE2edNGD 2004 €10440] Wi ROCHE/G340K 1 A8/0V2608977 9o Wdepodi b, Vert ex
Phar maceutical s), l.inter , I nterfer consensus
i nterferons, %6539498%&3&9?&0%@6&?%&8@@é@ﬁ%@ew @rogf%gﬁﬁgﬁ@onj ugat ed
interferons, 2007/063888 Wat2000112b1 19, \Ve0 2007/029029, WO 2006/029912, WO

2006/027628, WO 2007/028789, WO 2006/008556, WO 2004/087714 (all by IRBM),

WO 2005/012288 (Genelabs), WO 2005/014543 (Japan Tobacco), WO

20  2005/049622 (Japan Tobacco), and WO 2005/121132 (Shionogi), WO 2005/080399

(Japan Tobacco), WO 2006/052013 (Japan Tobacco), WO 2006/119646 (Virochem

Pharma), WO 2007/039146 (SmithKline Beecham), WO 2005/021568 (Biota), WO

2006/094347 (Biota), WO 2006/093801, WO 2005/019191, WO 2004/041818, US

2004/0167123, US 2005/0107364 (all by Abbott Laboratories), WO 2007/034127

25  (Arrow Therapeutics Limited) (all of which are herein incorporated by reference) and

the candidates HCV 796 (ViroPharma/Wyeth), R-1626, R-1656 and R-7128 (Roche),

NM 283 (Idenix/Novartis), VCH-759 (Virochem), GS9190 (Gilead), MK-608 (Merck)

and PF868554 (Pfizer).

30  The term “inhibitor of another target in the HCV life cycle” as used herein means an
agent (compound or biological) that is effective to inhibit the formation and/or
replication of HCV in a mammal other than by inhibiting the function HCV
polymerase. This includes agents that interfere with either host or HCV viral targets
necessary for the HCV life cycle or agents which specifically inhibit in HCV cell

35  culture assays through an undefined or incompletely defined mechanism. Inhibitors
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interferons conjugated with other proteins including but not limted to
human albumn. Cass | interferons are a group of interferons that all
bi nd to rwoeptaret4aype |1, including both naturally and sgmtdabismabioy
produced class | interferons, while class Il interferons all bind to
receptor type Il. Exanples of class | interferons include, but are 10 not
limted to, a-, R, b-, w, and c-interferons, while exanples of class Il
interferons include, but are not limted to, y-interferons. In one
preferred aspgenothehtargdtirethecHCV hfel-dﬁ}bfe&xgﬁrde, fos easmplet aage‘lﬁsthat inRbieViealabl vy,

the interferon is selected f p_.cons terf ron_al pha
2B, pegyl at ed® f%?se?l‘l’cb pﬁ'r:fgrE 2’5@%@3?@%%’ t\@%@ﬁ Casenl{‘ f?aélr'gﬂsoyepha 2A
and | ynphobl a@tt@stteglm?)ﬂehw_rentry an@hle‘,Vpais'sé@bly&nl hasttegets dueh a%&y«:iqp‘mlom tion
conprises a ¢ und of t i nventi on, i_nt ron irin.

| nhi bi tors ofglt%@ R@'%‘F@F@ﬁé' '”%@I'h‘ﬂecﬁgkr#%g 'ﬂlﬁnQA% S{ﬁ?lr%gl cal s)

t hat i’irel 5ﬁf L@fédﬂéeexfbﬁ]ﬁg%mfmggbutblf@offaua%r aﬁnmaﬂmsﬁrewaémﬁt ﬁiISISi
manma nhi bitors o ase in ose
conmpounds dest480B4IPIP Fhepnassut @95%@%%185@@5})@9%%18 WO

00/ 09543, WO (Qtre2&+%3a), Wi-831 Wéh@ a\ﬁ@DmeW(@'éblo\MaQ@éP64456 WO

2004/ 030670, 2004/ 037855 WO 2004/ 039833, WO 2004/ 101602, WO

2004/ 101605, WO 2004/103996, WO 2005/028501, WD 2005/ 070955, WO

2006/ 000085 VEar2 008 B1AT 4 QBtiertbhayAR06RREEABYithWpdHRE WPILAd ¢ dr e
Boehri nger 1 ngel hei m, WD 02/ 060926, WO 25 03/.063349, . WO 03/ 099274, WO

03/ 09931610 WP b@fdafluéeszwd'wtﬁdﬁew@'ﬁ?ﬁg@Um%ﬁ“wﬁagﬁ@w?)&w%”t\ﬁow 046712,

WO 2005/ 05141 &fﬁ%RQ@éég&M%d( HbbtitRyB HBWI 128 Ao6A il atééD
2004/ 093798, WO 2004/ 113365 80&'3/01\"?53 Vgl\lﬁl by Enant?eg??oa )

2005/ 037214 (W@Fi?mﬁé')eraw°d@eﬁli°i‘§°' cpan SGGQ&’@&??@PWW)

02/08198, WO £:20Rfi%fd thd'breaentitdntion Wih a%é&m of WDI—W irfhditep 23 HAY WO
03/062265, WO 2005/ 021584, WD, 2005/030796, WO 2005/ 058821, WD 2005/ 051980,

WO 2005/ 0851 9nhibiigh and @y R slibitony 2005/ 085275, WO 2005/ 087721, WO
2005/ 087725, WD 2005/ 087730, WO 2005/ 087731, WD 2005/ 107745 and WO

/ 1. b her i / /
2007/ 015655, WY 1001976 N HiP HGATS (b9 REE o R ColRE ) B AL e BITIR ) | al |

of which are Hhekrahiatibmand/BoreplicloRyf HRf ahRNEQudestiut WRAR IRAEDi60Hts that
PCT/ CA2008/ 002107 and the candi dates VX-950, SCH-503 gfi%r ITIVN-l 1 T™MC

435350, and NRIFFEE With ¢ilfiehneecE Vist! Mgspapisms meressan TRt ”?&8'?1?@ ’Ptorpounds
or bi ol ogi cal gpliddiah ofHE/ in a mammal. HIV inhibitors include, but are not limited to:

20 o NRTIs (nucleoside or nucleotide reverse transcriptase inhibitors) including but
not limited to zidovudine (AZT), didanosine (ddl), zalcitabine (ddC), stavudine
(d4T), lamivudine (3TC), emtricitabine, abacavir succinate, elvucitabine, adefovir
dipivoxil, lobucavir (BMS-180194) lodenosine (FddA) and tenofovir including
tenofovir disoproxil and tenofovir disoproxil fumarate salt, COMBIVIR™ (contains
25 3TC and AZT), TRIZIVIR™ (contains abacavir, 3TC and AZT), TRUVADA™
(contains tenofovir and emtricitabine), EPZICOM™ (contains abacavir and 3TC);
* NNRTIs (non-nucleoside reverse transcriptase inhibitors) including but not
limited to nevirapine, delaviradine, efavirenz, etravirine and rilpivirine;
e protease inhibitors including but not limited to ritonavir, tipranavir, saquinavir,
30 nelfinavir, indinavir, amprenavir, fosamprenavir, atazanavir, lopinavir, darunavir,
lasinavir, brecanavir, VX-385 and TMC-114;
e entry inhibitors including but not limited to
¢ CCRS5 antagonists (including but not limited to maraviroc, vicriviroc,
INCB9471 and TAK-652),
35 ¢ CXCR4 antagonists (including but not limited to AMD-11070),
438



effective to inhibit the function of an HCV pol ynerase. Such inhibitors
include, but 5 are not limted to, non-nucl eoside and nucl eoside inhibitors
of NS4A, W8209/a%85B pol ynerase. Exanpl es of i nhi bit orspafi/dACWspobyner ase
include but are not Iimted to those conpounds described in: WO 02/ 04425,
WO 03/ 007945, WO 03/010140, WO 03/010141, WO 2004/ 064925, WO 2004/ 065367,
WO 2005/ 080388, WD 2006/ 007693, WO 2007/019674, WD 2007/087717(all by
Boehringer Ingelheim, 10 WD 01/47883 (Japan Tobacco), WO 03/000254 (Japan

b . VO 2Q07,Q; + VO imi 2 9318,
IOSEE o1 A ARS8 B i s

2007/ 136982, WO 200R71-998p&w WO 2007/ 140200, WD 2007/092888 (al|l by BMS),
WD 2007/ 095269, WO

. 7054 ] / 64442, WD 15 00/ 06529,
V0 20041 110442 “wo B4 BBaEH U Y SRR B8 506/ 046030, v

2006/ 046039, WDIrR6GEAORBBES;s (NEIUARGIBRAE, IMNEd 1@ CEYGEE JBR;0518), BMEE 129119,
WD 2007/ 029029, 0912 6/ 027628, WD 2007/ 028789, WO

2006/ 008555, \/\07%%%8!7%%%@?“&%9 M, WD 2005/012288 (Genel abs), WD
2005/ 014543 (JaAT imeib#ars0), WO 20 2005/ 049622 (Japan Tobacco), and WO
2005/ 121132 (Shi onogi.),. WD.. 2005/ 080399 apan , Tobacco 006/ 052013
(Japan Tobacch) ,m%E%@%fg@4@°@%1nP%8ﬁBéttﬂ'"%ﬁart?rg r,“"'Wﬁ)(%‘ggﬁg)BQMG
(Sm t hKli ne Beeghmihom¥§uiZeHibdJeAln®iziudRigiahot MRed20 bR far(dBi ot ), WO
2006/ 093801, WD 2005/ 019191, WD 2004/ 041818, US 2004/0167123, US

2005/ 0107364 ¢ alothespaniiighagentaipsiuding Mydoxyure rbawin.ds21 b712anq Ar r ow
Therapeut s Li Heheshisig@l | of which are herein incorporated by reference)
and the candidates HCV 796 (ViroPharma/ Weth), R-1626, R 1656 and R 7128
(Roche), NM 283 (Idenix/Novartis), VCH 759 (Virochem, GS9190 (G| ead),

MK- 608 (Mer ckhavandoildrSipelaad ag&hts %&frﬁcfou?a@s dhelologicans) ihaharBieestivafto mnmither
target in the HCV life cycle" as used herein nmeans an agent (conpound or
bi ol ogi cal ) thetformatiap pag/er epliadion ghHAV: ThipdndusierRyt ismobliaitaskto agapsithalt i on

of HCV in a npmEwle RitMEkNdr R8BS P YirhithédMahishE rcbesdariet theorlmtation BAbMAET ase.
This includes agents that interfere with either host or HCV viral targets

necessar y'¥ or repheatipeef HAVAN ayearamal: HAydRRiRitass inclvde putareinehlimied teni bit i n
HCV cel | 35 cubpaitie samzanss.t hrough an undefined or inconpletely defined
mechani sm Inhibitors 47 WD 2009/ 076747 PCT/ CA2008/ 002107

HBYV inhibitors include agents (compounds or biologicals) that are effective to inhibit
the formation and/or replication of HBV in a mammal. This includes but is not limited
20  to agents that interfere with either host or viral mechanisms necessary for the
formation and/or replication of HBV in a mammal. HBV inhibitors include, but are not
limited to, agents that inhibit the HBV viral DNA polymerase and HBV vaccines.

Therefore, according to one embodiment, the pharmaceutical composition of this
25 invention additionally comprises a therapeutically effective amount of one or more

antiviral agents.

A further embodiment provides the pharmaceutical composition of this invention

wherein the one or more antiviral agent comprises at least one other anti-HCV agent.
30

According to a more specific embodiment of the pharmaceutical composition of this

invention, the at least one other anti-HCV agent comprises at least one

immunomodulatory agent.

35  According to another more specific embodiment of the pharmaceutical composition
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of another target in the HCV Iife cycle include, for exanple, agents that
inhibit viral targets such as Core, El, E2, p7, NS2/3 protease, NS3

hel i case,wonv@vatet47r i bosomre entry site (I RES), HCV ent pgTamdods@zmssenbl y
or host targets such as cyclophilin B, phosphatidylinositol 4-kinase |

Ila, CD81, SR-Bl, Claudin 1, VAP-A VAP-B. 5 Specific exanples of

i nhibitors of another target in the HCV |ife cycle include I SIS- 14803
(I'SI'S Pharmaceuticals), GS9190 (G lead), GS9132 (G lead), A-831
(AstraZeneca) ; ' L i né btHean
occur that a%é@@ﬁ%ﬁt%%??c? I)%r];éé‘é’tﬁ g@ﬁ\% ﬁ9%§3§ﬁ%ﬂﬂgsg§€t{lgﬁt0£d one or
more 10 ot hdnhibitar@§HEY palyherdserg but not linmited to human i nmunodefi ci ency
virus (HV), hepatitis A virus (HAV) and hepatitis B virus (HBV). Thus

al so contenplated is conbination therapy to treat such co-infections by
co- admi ni st erAgegrdingiorysbamiheraoerersgeeific embedimept efdlaspharmgeniticah wit h at

| east one £of c%'f‘ndd's\'fog'amh@ ihrtioRth&aMe ét'UP\'etUtﬁé?ranﬁ-!Nt\ﬂQ%é?’@VOMBméé'étor- 15
H Vi nhi bi’t or’s imcl ude agent s conpounas or biologicals) that are effective
to inhibit tlaastiooeinpibitonobin@y NSIrrpleggati on of HIV. This includes but is
not limted to agents that interfere with either host or viral mechani sns
necessary for the formation and/or replication of HV in a mamal. HV

i nhi bi tors i ndaatting towtill anetheomote speciée empodipent sfiire shammaceules de or

nucl eotide re " Sse (nhi ki oth [ol sdsigiited to
zi dovudi ne (é%p%‘gzﬁ%%ﬂ%i%'hﬁéfﬁéi the Q{z_'%lf"f’:t?{“%tﬁtﬁnég%% 33*8‘? ageik coRfiises AaT)

| ani vudi M@ ( 3gayt oneinhibitor pbanatker tarpeldathe HeMdita ¢valee, el vuci t abi ne, adefovir
di pi voxil, |obucavir (BMs-180194) | odenosine (FddA) and tenofovir including
tenofovir disoproxil and tenofovir disoproxil fumarate salt, COVBIVI RTM
(contains 25 3TC and AZT), TRl ZI VI RTVEXAMRLES s abacavir, 3TC and AZT),

TEUACATM (B B8 AR L W DB PSR o o
i nhi bi tors) ilmctinglexegndes whioh illustnate dxy way of @xamalsi the,prideiblgs iof tgiimeention.
ﬁgf“’: Ir %”tzg)de{%sai‘r’s:v{eignrkgsﬁﬁ?o :p'eJ%ioK kb8 in th@ AL RESfons %g%i?é&q%éd iGl iding but
, pranavi r, saqul havir, nel finavir,
i ndi navi r, angmesphre (in¢logingpoemdlimited tt ritregeamvirargdropihaea/mecessray tnavi r
o T e SR R s B S SRS g0
vicriviroc, ihNCE94 £an mvdvE A B8R)ction and deprotection of various chemical groups.
The need for protection and deprotection, and the selection of appropriate protecting
20  groups can be readily determined by one skilled in the art. The chemistry of
protecting groups can be found, for example, in Greene, “Protective Groups in
Organic Chemistry”, John Wiley & Sons, New York (1981), and more recent editions
thereof, herein incorporated by reference. Temperatures are given in degrees
Celsius (°C). Solution percentages and ratios express a volume to volume
25  relationship, unless stated otherwise. Flash chromatography is carried out on silica
gel (Si0,) according to the procedure of W.C. Still ef al., J. Org. Chem., (1978), 43,
2923. Mass spectral analyses are recorded using electrospray mass spectrometry.
Purification on a combiflash is performed using an Isco Combiflash (column
cartridge SiO,). Preparative HPLC is carried out under standard conditions using a
30 SunFire™ Prep C18 OBD 5uM reverse phase column, 19 x 50 mm and a linear
gradient (20 to 98%) employing 0.1%TFA/acetonitrile and 0.1%TFA/water as
solvents. Compounds are isolated as TFA salts when applicable. Analytical HPLC
is carried out under standard conditions using a Combiscreen™ ODS-AQ C18
reverse phase column, YMC, 50 x 4.6 mmi.d., 5 uM, 120 A at 220 nM, elution with a

35 linear gradient as described in the following table (Solvent A is 0.06% TFA in H,O;
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35 CXCR4 antagonists (including but not limted to AMD-1 1070), 48 WO
2009/ 076747 PCT/ CA2008/ 002107 fusion inhibitors (including but not limted
t o enfuviwoizd®/7d7420), TR1-1144 and TR1-999) and ot hersT(dAarciswd2rg but
not limted to BM5-488043); integrase inhibitors (including but not
limted to raltegravir (MK-0518), BM5S- 5 707035 and elvitegravir (GS
9137)); TAT inhibitors; maturation inhibitors (including but not limted
to berivi mat lating agents (including but not linted
to | evam sol e*féﬁt é3s7é)bfs{(’her aqﬁl wf agent s includi ng hydroxyurea,
ribavirin, |L-2, | Tid(namd 16I0p9(miamm’$i deSol’démAt%] b tSwivent B¢Yolide agent s
(compounds or b| ot-ogt Bal sy—trhat—are—ef-fective Y i pit—tdre—forimat i on
and/or replicatilon of "HAV. This inhCludes|but iS not |jnmted to agents that
interfere with eitherodSlost or virab ITEChan sms951ecessary fd&@ the formation
and/ or 15 repli catief AY—r garrrat—HAY-aht-bi-tprs—Retudebut are
not limted to Hepatel ?’I S vacci ?\Q BY i nhi %(?tors ncl u agents
(conpounds or bijol oghoal s) that age effe,tl ve t0o inhipit 100 forjmation
and/ or repli catilopof HBVin—armarral—This—ineludes—but—s—net—timted 20
to agents that interfere with either host or viral mechani sns necessary for
the formati oRbEBEaINsIRBYMBEE LSE BéreinBiclide:a manmal . HBV i nhi bitors
include, but are not I|imted to, agents that inhibit the HBV viral DNA

pol ynerase and HBV vaccines. Therefore, according to one enbodi nent, the
phar macew i ca¢: a@;@?posi tion of this 25 invention additionally conprises a

t her apeuticall ective anount of one or nore antiviral agents. A
further enbdﬁ?%'érﬁc £8%fdes the pharmaceutical conposition of this

i nvention wWhpARE: '(QP'ES(GWeﬁYIPWbﬁm@P“ Nuvbinadhtiegemd; conprises at | east one
ot her anti-HCV a ent mordl ng to a nore specific enbodi ment of the
phar maceut i cam: ﬁaﬂé%'?e(”iwﬂ?? Ythis inventi on, the at | east one other

anti - HCV agem)ccdprme;l @ﬁsbuqnoﬁye@@bnypne i m’runom)dul atory agent. 35 According
t o anot heor rmre s)pem fic enbodi nent of the pharmaceutical conposition

n-BuLi: n-butyllithium;
n-BuOAc: n-butylacetate;
m-CPBA: meta-chloroperbenzoic acid;
DBU: 1,8-diazabicyclo[5.4.0Jundec-7-ene;
15  DCE: dichloroethane;
DCM: dichloromethane;
DEAD:diethyl azodicarboxylate;
DIAD: diisopropyl azodicarboxylate;
DIPEA: diisopropylethylamine;
20 DMAP: 4-dimethylaminopyridine;
DMF: N,N-dimethylformamide;
DMSO: dimethylsulfoxide;
ECso: 50% effective concentration;
Et: ethyl;
25  Et3N: triethylamine;
Et,O: diethyl ether;
EtOAc: ethyl acetate;
EtOH: ethanol;
HATU: 2-(1H-7-Azabenzotriazol-1-yl)-1,1,3,3-tetramethyl uronium

30  hexafluorophosphate Methanaminium;
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49 WD 2009/ 076747 PCT/ CA2008/ 002107 of this invention, the at |east one
ot her anti-HCV agent conprises at |east one other inhibitor of HCV

pol ymer aswo0 20@006™7ng t o yet another nore specific enmbosdcmeE2oasioorioe
pharmaceutical 5 conposition of this invention, the at | east one other
anti-HCV agent conprises at |east one inhibitor of HCV NS3 protease.
According to still another nore specific enbodi nent of the pharmaceutical
conposition ﬁf this invention, the at |east one other anti-HCV agent

conpri ses at"et0%¥¥Wst one inhibitor of another target in the HCOV life

cycl e. EXAVRHEC: Kiyhpsrfdreancs BuidEhrbimatagragpent i nvention wi || becone
apparent fromt fol]owing non-.limting exanples which illustrate, by wa
of exanpl e, ‘ﬁﬁ%g§°%'ﬂ'&'l) qr)éggrbc}enprﬁtéoq, nvention. 15 As is well known to a y e
per son ski | |’'Bdoi iPrt henettiyisthyl €iacbirapyl; are perfornmed in an inert atnosphere
(1 ncl udi b ot. limted to nitrogen or argon) where necessary to

pr ot ect gacﬁ'ﬁﬁ%%%@’m%oqr?% "RPTS WECHBIS rZa. Pr epar ati on 01}/ conpounds
of the i nverbAdithigarliisoprojlaraidehe protecti on and deprotection of various
chem cal gr oMg_s. Tlhe need for protection and deprotection, and the

sel ection of M&PPBYri ate protecting 20 groups can be readily determined by
one skill ed MeCNhecasriitriieThe chemi stry of protecting groups can be found,
for exanpl e,M' 1. eeﬂ% "Protective G-oups in Oganic Chem stry", John
W ey & Sons'oN&E°VEFIENE1981), and nore recent editions thereof, herein

i ncor porat edvib®Hr skttagbce. Tenperatures are given in degrees Celsius (O.
Sol uti on per g_nt ages and rft |§[ﬁ§ eﬁxcgr ess a volune to volunme 25 rel ati onshi p,
unl ess st at e oY WL OMefn, §75- §E8R'8Yr aphy is carried out on silica gel
(Si @2) accorManB(QAr): Bedipmadasttg:gbobhyiride; Still eta/., J. Og. Chem,
(1978), 43, _Mass ectral anal yses are recorded using el ectrospra
mass spectrolﬂétgﬁlé.s' s?ﬁ?m?‘%éﬁm?%wdgﬂazf}%bnbiflash is perfor mgd usi ng alr[: Igco
Conbi fl ash (NIg: whidbdesarctinashge; Si 02) . Preparative HPLC is carried out under
standard, conditiQns using a. 30 SunFireTM Prep C18 OBD 5pM reverse phase
col um, 1O xﬁg@'msﬁﬁhﬁﬁm%@%&'o’&?%di ent (20 to 98% errgl oyi ng 0. 1Io

YIFA/ acet oni NMPt A-rasttlylPyriolididhed/ wat er as sol vents. Conpounds are isol ated

as TFA salts io{ﬁen @gﬁl i cabl.g. Anal ytica IEIPLC is carried out under
standard condfy BHESLNANCHC 50PPIE BETTRMCPS- AQ C18 reverse phase col um,
YMC, 50 x 4.Bhapmenyld., 5 pM 120 A at 220 nM elution with a

Pr: n-propyl;

20  Psi: pounds per square inch;
Rpm: rotations per minute;
RT: room temperature (approximately 18°C to 25°C);
tert-butyl or t-butyl: 1,1-dimethylethyl;
tert-BuOH or -BuOH: tert-butanol

25  TBABTr: tetrabutylammonium bromide;
TBAF: tetrabutylammonium fluoride;
TBDPS: tert-butyldiphenylsilyloxy;
TFA: trifluoroacetic acid;
THF: tetrahydrofuran;

30  TLC: thin layer chromatography.

EXAMPLE 1A

Preparation of intermediate 1a10

52



35 linear gradient as described in the followng table (Solvent Ais 0.06%
TFA in H2O, 50 WD 2009/ 076747 PCT/ CA2008/ 002107 solvent B is 0.06% TFA in
MeCN) :  Tiwe 20ema1§747 ow (nl/ m n) Solvent A (% Sol vent BPC¥CA20083001095 5
0.53.0955 6.0 3.0 5050 10.5 3.5 0 100 Abbreviations or synbols used
herein include: 5 Ac: acetyl; AcOH acetic acid; BINAP:

(2,2 -Bi s(di phenyl phosphi no)-1, 1' - bi napht hal ene; Bn: benzyl

(phenyl net hyl); BCIC‘,%&_[ BQCBnOtert RuLy! oxygn%r bonyIOOOMe'LO Btéro buiy ¢odie BULi :

n-butyllithiu acetate; gt benzoi c
acid;, DBU ﬁgjabten:ycl Q undee2 7- h;IOS D@EP3 dlg Qethane;
DCM di chl oronet han€;  DEAD: di g} hyI 2 azodi cdr boxyl ate; DI AD: .gjisdpropyl
azodi car boxyl ate; DI PEA: diisopropyl ethylam ne; 20 DVAP:

4-di net hyl am nopyri dine; DMF:. N, N-di net hyl f or mam de; DIVSO.eLsmM

di met hyl sul f oxi de; EC50: 50% effective concentration; Et hyl ; 25 Et 3N

triethylam nef 20: di @ et her; 5 o Et QAC co@ichyl acet afe; COOMe
OMe j@i
Step6 Step5 F
OMe

1a7 1a8 Step 7

COOMe
BnO HO COOMe

OMe

— - @[ OMe
OMe

o} OMe

o}
\\\\ 139 \\‘\‘.

1a10

Step 1:
1a1 (73 g, 35 mmol) is diluted in anhydrous THF (2 L) under Ar. Benzyl alcohol (80.8

mL, 800 mmol) is added and the mixture is chilled to 0°C. Sodium
bis(trimethylsilyl)amide (1.0 M in THF, 800 mL, 800 mmol) is added dropwise. After

5  stirring for about 1 h, the mixture is partitioned between saturated aqueous NH,CI
and EtOAc. The organic phase is collected and dried over Na,SO,. The mixture is
filtered and concentrated under reduced pressure. The resulting solid 1a2 is washed
with cold EtOAc and dried.

10 Step 2:
Carboxylic acid 1a2 (112.8 g, 384 mmol) is diluted in anhydrous DMF (2 L).

Potassium carbonate (108.1 g, 775 mmol) is added and the mixture is chilled to 0°C.
lodomethane (110 g, 775 mmol) is added dropwise and after about 2 h, the reaction
is quenched by the addition of saturated aqueous NH,CI. The aqueous solution is

15  extracted with EtOAc (2x). The combined organic extracts are washed with water
and brine before being dried with MgSO,. Removal of solvent results in methyl ester
1a3.

Step3:
20 Step 3a:
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Et OH. et hanol; HATU. 2-(1 H 7- Azabenzotriazol-1-yl)-1,1, 3, 3-tetranet hyl
uroni um 30 hexafl uorophosphate Met hanam nium 51 WO 2009/ 076747

PCT/ CA20080Q0®1006747Hex: hexane; HPLC. hi gh performance PCauiat008/002107
chromat ography; [1C50: 50% i nhi bitory concentration; '"Pr or i-Pr:

1-met hyl et hyl (iso-propyl); 5 LC-Ms: liquid chromat ography-nass
spectronetry; LDA: lithiumdiisoproylamde; Me: nethyl; MOCN

acetonitrile;, Mel: iod t » olO ’ tf l. ; : met
(£5: ol ect r Uil MRy &3 o Ale o BabsSin o ity ST rusBsgpeRoe:
sN?dl ;Jhm lhexar(ﬁu\mdodirﬁuj'_, Isazgmﬁol) ishld8ed elioadd by tic poaderd85 gi146 MKDl). The
met hyl nor phol i ne- N- oxi. de; : thyl pyrrolj e, . I

magneti c resB%RE %'H@@%‘?I&Q%wﬁat '%imﬁben%ﬁgt?/on rﬁ'?({.ugén)-gpdr”(u){gyﬁ;"th%BéE%&dpounds
(per squar et itﬁgb'f8°§;mt 3([5%& estéc{y.m?QJ’ﬁrappronuhaelyETby the additiempiet HtNaGH.

appr oxi mat e to ; ent - but ar t-buty]..1, - di t hyl ;
tert-BuOAd orTr{e-cEEQ@ﬂlF ppﬁe[@s ﬁ?%fﬁ%d’ ‘Q’%Skyﬁgﬁﬁﬁ WRteh ?’ﬁ‘lo?ﬂr&?r 3&%%%{‘9%5}%%@3% dg;
TBAF: t et r abadydonsapireiboiddreraffdel anifiBDPS: tert - butyl di phenyl si |yl oxy;
TFA: trifluoroacetic acid,

Step 3b:
The aniline (97.1 g, 377 mmol) is combined with anhydrous Et,O (1 L) and is then

10  treated by the slow addition of HCI (2 M in ether, 2 L). The resulting hydrochloride

salt 1a4 is collected by filtration and washed with excess ether.

Step 4:
The aniline hydrochloride salt 1a4 (1.04 g, 3.33 mmol) and 1,3-dihydroxyacetone

15 (1.84 g, 20.4 mmol) are combined in dry MeOH (40 mL). After stirring for about 15
min, whereupon the homogeneous solution turns vivid red, a solution of sodium
cyanoborohydride (1.05 g, 16.7 mmol) pre-dissolved in MeOH (5 mL) is slowly added
over about 5 min. The reaction is neutralized by slowly adding a saturated aqueous
solution of NaHCO; (3 mL), then the mixture is concentrated to dryness. The

20  remaining solid is purified by flash chromatography (2% to 5% MeOH gradient in
DCM) to afford diol 1a5.

Step 5:
The diol 1a5 (1.89 g, 5.40 mmol) and methyl iodide (1.0 mL, 16.2 mmol) are

25 dissolved in dry DMF (20 mL) and cooled to 0°C. A suspension of sodium hydride
(60% wiw, 453 mg, 11.3 mmol) in DMF (5 mL) is slowly added over about 15 min
and the reaction is stirred at RT. The reaction is neutralized at 0°C by adding a
saturated aqueous solution of NH,CI (10 mL). The mixture is diluted with EtOAc and
the layers are separated. The organic layer is washed with water (2x) and brine (1x).

30 The combined organic phases are dried over MgSO,, filtered and concentrated
under reduced pressure. Following purification by flash chromatography (10% to

25% EtOAc gradient in hexane), dimethoxy 1a6 is isolated.

Step 6:
35 To a mixture of compound 1a7 (43.4 g, 305 mmol) in anhydrous DCM (400 mL)
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THF: tetrahydrofuran; 30 TLC. thin |layer chromatography. EXAVPLE 1A
Preparation of internmediate 1al0 52 WD 2009/ 076747 PCT/ CA2008/ 002107 F
COOH BnO vCOhh9Br1er4CO0OVe BnO COOMe :al Step 1 | NO Step PCi/c3e/@2M8H Cl F
N2 F2FNO2F3 lal 1a2 1a3 1a4 Step 4 HO O C O Bn0O COOwve BnO COOwe
Y O\ OH Step 6 F H Step 5 F H 1a6 Ow 1a5 OH 1a7 1a8 Step 7 BnO )aN
COOVe HO / COOve Owve \ O F Step 8N ~Ov F{ OOw a9 1lall Stepl

lal (73 g, 3 nJEF%h)Ag 53"%#3%96'9 adH%cg %}fﬂ cgﬁdﬁ%J s 4 %LLé1d’M%H I#pggﬁ{%@%

al cohol (80. xture 1s c
Sodi um bi s(mt) enariapbuti 1 .l Treridturg . stirrst for a‘ﬁbﬁm B@0Rriand &@Bydrowd PMFS 1 added

dropwi se. Af t oned

bet ween sat uFrng }dgéggédgwé? ﬂPﬁH{? 1%:?%&&&? i@ﬁéraggﬁlé@%pqgﬁééedt%aé d(q:ol | ect ed
and dried ovemdelxla@md pfﬁseunel Xbeiresidus is dilutecewitidpeniane amt fiterech Thd fitiratke r
reduced es; S Id Et OAc and
dried. 1(IC)!3r St @&Bgcen@?eb oxyl'l c édﬂg?%g %J%ﬁlﬂ{%m%gﬁa%d)%t% hIﬂt ed in
anhydr ous Dl\For(cEnt@ted Bodergsduned paedsaretoerévidiBadd ghloridébt1atol ) 1s added and
the mxture is chilled to OC.

Step 7:
The aniline 1a6 (1.25 g, 3.31 mmol) is combined with anhydrous pyridine (3 mL) and

10 a catalytic amount of DMAP (121 mg, 0.99 mmol). A pre-mixed solution of acid
chloride 1a8 (1.35 g, 8.40 mmol) in DCE (4.2 mL) is then added. The mixture is
heated to 115°C overnight, and then allowed to cool before being neutralized with a
saturated aqueous solution of NaHCO;. The mixture is extracted with EtOAc (3x).
The combined organic phases are washed with brine, dried over MgSO, and

15 concentrated under reduced pressure. The residue is purified by combiflash (EtOAc

gradient in Hex) to yield amide 1a9.

Step 8:
Benzyl ether 1a9 (1.28 g, 2.55 mmol) is dissolved in MeOH (10 mL) and EtOAc (20
20  mL) and the mixture is purged with N2 (2x). 10% Pd/C (20 mg) is added and the
vessel is kept under an atmosphere of H, (balloon) for about 2 h. The mixture is then
filtered through a pad of Celite® and rinsed with an excess MeOH. The filtrate is
concentrated under reduced pressure and the residue is purified by flash
chromatography (2% to 5% MeOH in DCM) to afford 1a10.
25
EXAMPLE 1B

Preparation of intermediate 1b8

HO o} Cl (0]
—_— /
|N Step 1 |N
N\
Br Br
1b7 1b8

Step 1:
Compound 1b7 is transformed to compound 1b8 using the procedure described in
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| odonet hane (110 g, 775 nmmol) is added dropw se and after about 2 h, the
reaction is quenched by the addition of saturated aqueous NH4ClI. The
aqueous swburbiwnteids 15 extracted with Et OQAc (2x). The cechiaaadsmog@mni c
extracts are washed with water and brine before being dried with MySH.
Removal of solvent results in nethyl ester 1 a3. Step3: 20 Step 3a: 53 WO
2009/ 076747 PCT/ CA2008/ 002107 The nitro internediate 1la3 (63.8 g, 212
mol ) is diluted,in, T 1L). Aqueous HCI (1 M 500 ni, 500 mmol) is
added folloé@"l?yl/e?p"ﬁg%\gs\der (55 g, 46 mol). The mxture is stirred for
about 2 h at RT. The reaction mxture is diluted wwth EtOQAc and the pH of
the mxture 1S adizl,@ted to approximately 7 by the addition of 1 N NaOH 5
The organic %ﬂ’%’é i'S separated, washed with water and brine, dried over
Na2SO4 and preps@itioniof intermuedidtd tcgaf ford aniline. Step 3b: The aniline
(97.1 g, 377 mol) is conbined with anhydrous Et20 (1 L) and is then 10
treated l§y the slow addition of HCI (2 Min ether, 2 Q The resulting
hydrochl oride salt l1a4 is collected by filtration and washed with excess
ether. Step 4: The aniline hydrodh i de sal% 4 (1.04 g, 3.33 mmol) and
1, 3-di hydroxyacetone 15 (1.84 g, 20.4 mmmol) are conbined in dry MeOH (40
m.). After stirring for about 15 i {i wereypofN t he honogeneous sol ution
turns vivid red, a solution of sod cyano hydride (1.05 g, 16.7 nmol)
pre-di ssolved in MeOH (5 nL) is sl y added Qver about 5 mn. The
reaction is neutralized by slowy addi ng a saturated aqueous solution of
NaHCO3 (3 nml), then the mxture is'oncentrat® to dryness. The 20
remaining solid is purified by flash chromat ography (2% to 5% MeOH gradi ent
in DCM to ¥ePdid diol 1a5. Step 5: The diol 1a5 (1.89 g, 5.40 mvl) and
met hyl i odi d€ohdethdMe7 id Bardsioimidto 2bMpdindi B MinG theiploctidurd Adscfizdd iAL) and
cooled to OC. A suspension of sodiumhydride (60%ww 453 ng, 11.3 mmol)
in DMF (5 nifxampleidnwpier&dded over about 15 nmin and the reaction is
stirred at RT. The reaction is neutralized at 0C by adding a

10 EXAMPLE 1D
Preparation of intermediate 1d8

HO (0] Cl 0
F F
Step 1

Br Br
1d7 1d8

Step 1:
Compound 1d7 is transformed to compound 1d8 using the procedure described in

Example 1A, Step 6.
15
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saturated aqueous solution of NH4CI (10 nmL). The mixture is diluted with

Et OAc and the |ayers are separated. The organic |layer is washed with water
(2x) and woizo@/783¢y. 30 The conbi ned organi ¢ phases ar ePpdTiGdo@wez1oigSO4,
filtered and concentrated wunder reduced pressure. Follow ng purification
by flash chromat ography (10%to 25% Et QAc gradi ent in hexane), dinethoxy
la6 is isolat ed Step 6: 35 To a m xture of conmpound la7 (43.4 g, 305 mmol)
i n anhydr ou éégo m.) 54 WD 2009/ 076747 PCT/ CA2008/ 002107 under an Ar
at nosphere | oxal yl chloride (53.2 nL, 610 nmol) in DCM (305 nl)
over about Ilpfaparbtionofintéfrediates2as red for about 1 h at RT and anhydr ous
DVF (1 L) is added d;é) W se. The m Xt uped s stlrred overni 9&} at RT and

uce

concentrat ed Qressu e reS| due i & d Wt h pent ane
and filtered. The JaLe Steg1s con Naﬂ und@rz redu or sUfee,
diluted with pentane dné"filtered, thenH gentrated under Nr uged
pressure to providé'acid chloride 1a&? Step 7: The anili#& 1a6 (1.25 g,
3.31 mml) is conbined with anhydrous pyridine (3 nm.) and a catalytic
amount of DVAP (121 ng, 0.99 mmol). A pre-mixed sol ugian o ,d chloride

la8 (1.35 g, 8.40 mmol) in DCE (4.2 nmL) is then added. The jgxture is
heated to 115C overnight, and then allo to cool before beipg neutralized

with a saturated aqueous sol ut i off . The mi X¥ 6‘ extrl\zﬁlcted W th
Et OAc (3x). The conbined organic p are%shed-wt _e<; i ed over
MySO4 and 15 concentrated under reduced pr reS‘epT’he residue kspypurified
by conbiflash (Et OAc gradient in Hex 0 cy| eI d anmide 1 ep 8: Benzyl
ether 1a9 (1.28 g, 2.55 mmol) is dis ved in MOH (10. gEtOAc(ZO

20 nL) and the m xture is purged with N2 (‘fx) 10%Pd/C (20 rrgj’)1 i s added
and the vessgep1is kept under an at rmsphere of H2 (baI | oon) for about 2 h.

The m xture is then filtered thro ad of | sed wth an
excess MOOH. Theniine hydegebloride sglhaa ﬁ&’ﬂ'? %@”Lﬂ%dﬁr&’eerd WQ%OW Sand the
residue is peyul gféd@ﬂthbmidlr@a#bxy@dumcedrda@hy tHe286ridRiohSald&mbed M SIEPMK, t O

afford lal 0. _2 1B
Example 1A to provide diol 2a2.

Step 2:
10  Compound 2a2 is transformed to dimethoxy 2a3 using the procedure of Step 5,

Example 1A.

Step 3:
Compound 2a3 is transformed to compound 2a4 using the procedure of Step 7,

15  Example 1A.

Step 4:
Benzyl ether 2a4 is transformed to compound 2a5 using the procedure of Step 8,

Example 1A.
20
EXAMPLE 3A

Preparation of intermediate 3a6
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Preparation of internmediate 1b8 HOO CI 0 NN \ Step 1 Br Br 1b7 1b8
Step 1. Conpound 1167 is transformed to conpound 1 b8 using the procedure
descri bedworo0daBeiMD 2009/ 076747 PCT/ CA2008/ 002107 ExanplCe/CAap0sBnzp76.
EXAMPLE | C Preparation of internediate 1c8 5 HOO C 0 Step 1 NN C d
1c7 1c8 Step 1: Compound 1c7 is transformed to conmpound 1c8 using the
procedure described in Exanple 1A Step 6. 10 EXAMPLE 1 D Preparation of

intermediate 1d8 HOO C_ 0 F F St ep r 1dv7 1d8 Ste Corrpound
1d7 is transfor 8 6RPGund 1 13?? e pr prg° ﬂ@i
Exanpl e 1A, Step 6 N o Step
1a4 3a1 Q Step 2 3a2 Q
A Js‘e“ A
COOMe COOMe COOMe
o)
)/
Step5 Step4 F N
@ @ = “
Step6 0
HO COOMe
J@L °
F N
3a6 @
éMe
Step 1:

The hydrochloride aniline salt 1a4 (25.0 g, 90.7 mmol) is dissolved in anhydrous THF
(60 mL) under Ar. 1,4-cyclohexanedione monoethylene ketal (14.3 g, 91.6 mmol) is
added at RT followed by dibutyltin dichloride (1.38 g, 4.54 mmol). The mixture is
5 stirred for about 15 min and then phenylsilane (23.0 mL, 99.8 mmol) is slowly added.

The mixture is stirred at RT for about 2 days. Solvent is partially removed and the
residue is dissolved in EtOAc and washed with saturated aqueous solution of
NaHCO; followed by water and brine. The organic phases are dried over Na,SOy,,
filtered and the solvents are removed under reduced pressure to give an oily solid.

10  This crude material is redissolved in EtOAc and an equal volume of hexanes is
added followed by cooling at 0°C. As a result, a biphasic mixture with a solid is
obtained. The liquid is decanted and the resulting solid is washed with hexanes.

After drying, 3a1 is isolated.

15  Step 2:
To a solution of the ketal 3a1 (15.0 g, 36.1 mmol) in toluene (100mL) under Ar is

added the acid chloride 1a8 (9.73 g, 59.1 mmol) followed by pyridine (10 mL, 123

mmol). The mixture is heated to reflux overnight. EtOAc is added and the organic

layer is washed successively with water, 10% citric acid solution, saturated solution
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56 WD 2009/ 076747 PCT/ CA2008/ 002107 EXAMPLE 2A Preparation of internediate
2a5 BnO COOve BnO COOMe BnO COOMe \ | NHCO Step 1 NOH Step 2 NOw 3
2a2 H OH WwoQmmw/078mt 2a3 Step 3 1a8 HO COOve BnO / COORET/CAROSI00210OMVE ~-
\\ -CStep 4 NOw O 00 2a5 "'l 2a4 Stepl. 5 The aniline
hydrochl ori de salt 2al (preparation described in W2007/087717) is coupled
with 1, 3-di hydroxyacetone according to the conditions described in Step 4,

Exanpl e 1A tq provide diol 10 Co
di met hoxy 2% "%é‘\cﬁ%ﬂ %Wﬁ‘g’rﬁﬁoﬁv% P‘ELRSfS &legpverNa Oilg;g‘rﬁ;’l%%héiowéﬁnsslre%{ rT%orrpound
2a3 is transjrfaém@u&éu maaam;rwbuaa«mgwrm@atbheymasrcadumatogfap@yem% EtOA&

Exanpl e 1A St ep 4. Benz 2a4 is transformed to conpound 2a5 using
t he proceduridhgx) piogHcts’a 't_s?al%&rde 1A. 20 EXAMPLE 3A

5 Step3:
To a solution of the ketal 3a2 (13.8 g, 25.5 mmol) in toluene (50 mL) is added TFA
(50 mL). After about 1 h, water (3 mL) is added and the mixture is stirred overnight.
The solvents are evaporated and the crude residue is dissolved in EtOAc. The
organics are successively washed with a 5% aqueous solution of K,CO3, water and
10  brine, then dried over Na,SO,. Solvents are removed under reduced pressure to

afford 3a3 which is used without further purification.

Step 4:
To a cold solution (0 °C) of the ketone 3a3 (13.5 g, 25.5 mmol) in MeOH (200 mL) is

15  added portionwise NaBH, (0.40 g, 12.7 mmol). The reaction is stirred at 0°C until
complete conversion, then a 1 M HCI solution is slowly added. Solvent is removed
under reduced pressure and the residue is dissolved in EtOAc. The organics are
successively washed with a saturated aqueous solution of NaHCO;, water and brine,
then dried over Na,SO,. Solvents are removed under reduced pressure and the

20 crude residue is purified by flash chromatography (EtOAc in hex) to give the trans

alcohol 3a4.

Step 5:

The alcohol 3a4 (5.0 g, 10.1 mmol) is dissolved in DMF (50 mL) and cooled to 0°C
25  prior to adding NaH (0.81 g, 29.1mmol) followed by Mel (42 g, 301 mmol). After

being stirred at 0°C for about 2 h, the reaction is quenched by the addition ofa 1 M

HCI solution. A large volume of EtOAc is added and the organics are successively

washed with a saturated aqueous solution of NaHCO;, water and brine, then dried

over Na,SO,. Removal of the solvent under reduced pressure gives 3a5 which is

30 used without further purification.

Step 6:
In a Parr Hydrogenator™, the ether 3a5 (5.0 g, 9.77mmol) is dissolved in MeOH
(120mL) and 10% Pd/C (0.75 g) is added. The vessel is pressurized to 30 psi of H,
35 and agitated overnight. The mixture is filtered through a pad of Celite®, then
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Preparation of internediate 3a6 57 WD 2009/ 076747 PCT/ CA2008/ 002107 BnO
COOve BnO COOWve --1i0 BhOCOOWw O Step 1 NH1a8 d ( NFNH3 d F F 1la4
Step 2 3ar02a®/078t4ep 3 G0 BnO COOVe BnO COO Me BnO COORETAA20@/002187- ~ N O
~1 NI FN-~0 Step 5 F Step 4 F 3a5 3a4 3a3 Step 6 O\ OH 0O HO/ COOwe
O F~NO 3a6 Ow Step 1: The hydrochloride aniline salt l1la4 (25.0 g,
90.7 mml) is dissolved in anhydrous THE (60 m-) under Ar.

1, 4- cycl ohexanedi one, nonoet hyl en etal, (14.3 g, 91.6 mmol) is added at RT
fol | owed by reﬂnsaretpquw\@ceﬂp%?ffqggpFan@éa , 4.54 ol ). The mixture is 5
stirred for about 15 mn and then phenylsilane (23.0 nL, 99.8 mml) is
slowy added. The nmixture is stirred at RT for about 2 days. Solvent is
partially r RAMRAESR] the residue is dissolved in EtQAc and washed with
saturat ed aopRpdfation otihimehiatdghB fol | owed by water and brine. The
organi ¢ phases are dried over Na2SO4, filtered and the solvents are
removed thder reduced pressure to give an oily solid. 10 This crude

material is redissol ved g,Ft OAc d an geial vehune of hexapeswl S added
FaoLLeCim O g0 20 saa, ohure g, et

fol | owed by coollnn s a bi phasifg um xt thh a solidis
obtai ned. The |iqui skis-gegans@d an nhesul tismg solid yashed w th
hexanes. ’ — Q .
2a1 3b1 P 3b2
o O JSt 3 o O
/ o \J/

BnO COOMe BnO COOMe BnO COOMe
e / B
N Step 5 N Step 4 N
3b5 @ / 3b4 @ 3b3
OMe OH

Step 6 L

Step 1:
The aniline hydrochloride salt 2a1 (preparation described in WO2007/087717) is

coupled with 1,4-cyclohexanedione monoethylene ketal according to the conditions

10  described in Step 1, Example 3A to produce ketal 3b1.

Step 2:
Compound 3b1 is transformed to amide 3b2 using the procedure of Step 2, Example

3A.
16

Step 3:
Ketal 3b2 is transformed to ketone 3b3 using the procedure of Step 3, Example 3A.

Step 4:
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After drying, 3al is isolated. 15 Step 2: To a solution of the ketal 3al
(15.0 g, 36.1 mmol) in toluene (100m.) under Ar is added the acid chloride
1a8 (9. 73wQ,208@7874mmol ) fol l owed by pyridine (10 nmi, 12®CcTramabgs/ooTiee

m xture is heated to reflux overnight. EtOAc is added and the organic

| ayer is washed successively with water, 10%citric acid solution,
saturated solution 58 WO 2009/076747 PCT/ CA2008/ 002107 of NaHCO3 and

brine. The mxture is .driged r §.8, 1€ under
reduced predipte Sebi R et abaRT ARl HRRRAIRTb 8p FEERIAe 00t Er onc
in hex), pragaict 3a2 is isolated. 5 Step 3: To a solution of the ketal 3a2
(13.8 g, 25.5 mmol) in toluene (50 nm.) is added TFA (50 nL). After about 1

h, water (3 m-) is added and the m xture is stirred overnight. The
sol vents arestegdporated and the crude residue is dissolved in EtOAc. The

organi cs are, successi vely washed with % ou I fr K2COB8, water
and 10 bri ne'?"cWPPi:ﬁ"ﬁ'?}(r@HXfSUB‘?Jﬁawayn@SFég%ﬁé%zfrérogée)dﬁg%éﬁgtgﬁgér reduced
pressure to Exfnhge A3a3 which is used without further purification. Step 4:
To a cold solution (0 C) of the ketone 3a3 (13.5 g, 25.5 nml) in MeCH (200
m.) is 15 added portionwi se NaBH4 (0.40 g, 12.7 mmol ). The reaction is
stirred at O§lepmti| conplete conversion, then a 1 MHC solution is slowy

added. Solvent i1s renove under re ed.pressure and e i_due i

di ssol ved i nEEEOHRS 'Sﬁﬁ@ngFﬁaﬂf%c@“e&P@t’%s‘ﬂPé’EQe‘EéiP\r/%‘ief)“ @%@%" éﬁ’i?mé’?es%’tiur at ed
aqueous &pl ution of NaHCO3, water and brine, then dried over Na2SO4.

Sol vents are_renoved under reduced pressure and the 20 crude residue is
purified by FXYAMHEMy omat ography (Et QAc in hex) to give the trans al cohol
3a4. Step 5:p ratidObQhtesmédia®e a4, 10.1 nmmol) is dissolved in DVF (50 nl)
and cooled to OC 25 prior o adgloimrnleg NaH (0.81 g¢,,.29.-1 mmol) fol|owed by
Mel (42 g, 301 N Af t er ing stirreda foor_a.b_q_uP/ t he
reaction is que d byetthe NionSef2 a 1 | soFfiti on. ~8¢harge vol une
of EtOAc is addgd and the orggnics are succesgively washed wiith a

sat urated aqueous sol ution of NaHCO3, water and brine, then dried

Step 1:
15  To a stirring mixture of 4a1 (25 g, 24 mmol) in MeCN (500 mL) and DMF (50 mL)

chilled to -5 °C is added DBU (15.4 mL, 103 mmol) followed by the slow addition of
Mel (8.8 mL, 141 mmol). The mixture is allowed to warm to RT and is stirred
overnight. The mixture is poured into water (1 L); then extracted with EtOAc (500 mL
x 3). The combined organic extracts are washed with brine, dried over Na,SO,,

20 filtered and concentrated under reduced pressure. Crude ester 4a2 is utilized without

further purification.

Step 2:
To a mixture of iodoarene 4a2 (22.3 g, 79 mmol) in dioxane (200 mL) is added

25 tributylvinyltin (20 mL, 68 mmol). The mixture is degassed with Ar before (Ph;P),Pd
(2.4 g, 2.1 mmol) is added. The mixture is refluxed for about 1 h then stirred at RT
overnight. The mixture is concentrated under reduced pressure and the resulting

residue is subjected to flash chromatography to isolate alkene 4a3.

30 Step 3:
To a mixture of alkene 4a3 (9.6 g, 89 mmol) in THF (360 mL) and water (270 mL) is

added OsQ, (2.5% solution in -~BuOH, 5.4 mL) followed by the portionwise addition
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over Na2SO4. Renoval of the solvent under reduced pressure gives 3a5 which
Is 30 used without further purification. Step 6: In a Parr HydrogenatorTM
t he et herwBaboyBe@7g, 9.77mmol) is dissolved in MeOH (PeOmA20@md2100% Pd/ C
(0.75 g) is added. The vessel is pressurized to 30 psi of H2 35 and
agitated overnight. The m xture is filtered through a pad of Celite(r),
then 59 WD 2009/ 076747 PCT/ CA2008/ 002107 concentrated in vacuo to afford

rere 5 GBI S ok I R AR o0

00 BnO COOVparBaly mﬂﬁr%m(ﬂgﬁth/Tﬁe d\ﬂgsarﬁt ﬁ?aéﬁ iﬁh@phéh: wittobiied 3b3
St 6 Owve OH.0, HO, ~, , 0. 3b6 t : e apilin
v ar oohl or i QALY DES 4, TErkE atd siicpalialeto e e BB P PR s  coupl ed

with 1, 4- cycthrbasssesbhgne isalanostibhyderfadket al according to the conditions
10 described in Step 1, Exanple 3A to produce ketal 3bl. Step 2: Conpound
3bl is transformed to anmide 3b2 usi ng the procedure of Step 2, Exanple

EXAMPLE 5A

Preparation of intermediates 5a6 and 5a7

CF, CF, CF, CF, CF,
p OH P OH = Cl yZ Cl = Cl
| R | —_— | —_ = | —_— |
. N Step 1 | x> N Step 2 | . N Step 3 N Step 4 N
5a1 5a2 5a3 oI 5a4

OH 5ab5

%terw J Step 6
F F CF, s
eNes cLx
N N \N/N N
5a6
Step 1:

2-Hydroxy-3-trifluoromethylpyridine (500 g, 3.06 mol) is placed in a 22 L round

10  bottom flask under Ar. Anhydrous DMF (8 L) is added followed by potassium
carbonate (430 g, 1 eq) and N-iodosuccinimide (700 g, 1 eq). The mixture is stirred
under Ar and heated to an internal temperature of 55°C for about 2 h. The heating is
removed and the suspension stirred overnight. The mixture is filtered and the solvent
removed. The residue is dissolved in DCM (8 L) and water (4 L) is added. The

15 mixture is stirred and acidified to approximately pH 3-4 with HCI. The organic phases
are separated and the aqueous phase extracted with additional DCM. The organics
are combined, washed with brine and dried over MgSO,. Cooling of the DCM and

concentration affords the product 5a2 as a precipitate.

20 Step 2:
The phenol 5a2 (125 g, 424 mmol) is placed in a 3-neck 2 L flask. Phenylphosphonic

dichloride (500 mL) is added and the mixture heated to 136°C under Ar with stirring.
After consumption of starting material (about 4-5 h), the reaction is cooled to RT and
carefully quenched by the slow addition of the reaction mixture to crushed ice

25  (caution: very exothermic!). A white solid forms which is filtered. The solid is
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3A. 15 Step 3: Ketal 3b2 is transforned to ketone 3b3 using the procedure
of Step 3, Exanple 3A. Step 4: 60 WO 2009/ 076747 PCT/ CA2008/ 002107 Ket one
3b3 is trapzbhevaretd7t o al cohol 3b4 using the procedure ofPCHtGAr008/00E0ANMDI €
3A. Step 5: 5 Alcohol 3b4 is transforned to conpound 3b5 using the procedure
of Step 5, Exanple 3A. Step 6: Ether 3b5 is transforned to phenol 3b6
using the procedure of Step 6, Exanple 3A. 10 EXAMPLE 4A Preparation of

i nternedi ate,_4a4 | | ep,1l | t e e FF
4al 4a2 4a3 détsé&"’e%ﬂ'b'ﬁt%c if@fﬁdgqgﬁwh@i}ﬁ%ﬂ%ﬁg\"@éa&{%-%ﬁ%ﬁ S%r}r{lbiml) in
NEC:\I) ( ?OPI mig a@%&dﬂ @HHhéi:’z@uéws lagdtiid hadral TheTEtCACc Sayeddeepdiated MasHdedrl, 103
nmo ol | owe t he sl ow addi tion of Mel 14 1), .The m xture
is all owed t"l’i&\/\%%?ﬁ gl Weﬁg ”§dé’f’?rr?r@éfdr°8§/y§ag§(gﬁgémﬂ¥8ll%sg Vﬁpr]teg“l)-eg $our ed
into water (white)solid Whidhexivasieidadthvddidhdiatéto 45618 chioridesal) . The conbi ned
organi c extracts are washed with brine, dried over Na2SO»4, 20 filtered and

concentrdted under reduced pressure. Crude ester 4a2 is utilized without
further puridigggtion. Step 2: To a mixture of iodoarene 4a2 (22.3 g, 79

T 5o e e W e )
added. The rgnkjdtoBs tohudn@f(hoexpil) [Rder@Qiatrhodphiehe Mhenikturds @bolEd to -78°C
then n-BuLi (1.6 M in hexanes, 24 mL, 38.4 mmol) is added slowly by syringe over
10  about 40 min. Stirring is continued for about 1 h before ethylformate (3.2 mL, 39.7
mmol) in THF (10 mL) is added over a period of about 40 min. The mixture is stirred
for about 1 h before being quenched by the addition of 2 M HCI. The mixture is
partitioned between EtOAc and saturated aqueous NaHCO;. The organic phase is
collected, washed with brine and dried over Na,SO,. The mixture is filtered and
15  concentrated under reduced pressure. Purification is performed by flash
chromatography where the silica gel is pre-treated with 3% Et:N in hexanes then
eluted with 1:1 EtOAc/Hex to isolate aldehyde 5a4.

Step 4:
20 A mixture of aldehyde 5a4 (19 g, 81 mmol) in MeOH (225 mL) is chilled to 0°C.

Sodium borohydride (4.1 g, 109 mmol) is added portionwise and the mixture is
stirred at 0°C for about 1.5 h. Another portion of NaBH, (1 g) is added and the
mixture is stirred for about another 30 min. The reaction is quenched by the addition
of NaHSO, (5% aqueous) then diluted in EtOAc (500 mL). The organic phase is

25  separated then washed with water (500 mL) and brine. The organic phase is dried
over Na,SQ,, filtered then concentrated under reduced pressure. The residue is
subjected to flash chromatography (1:1 EtOAc/Hex) to isolate alcohol 5a5.

Step 5:
30 To the crude aldehyde 5a4 (2 g, 9.5 mmol) in 45 mL of DCE is added
difluoropiperidine-HCl salt (1.6 g, 10.5 mmol) and triacetoxy sodium borohydride (2.8
g, 13.4 mmol). This reaction is stirred overnight at RT. The mixture is diluted with
EtOAc (300 mL) and washed with water (100 mL) and brine (100mL). The organic
phase is then dried over MgSO,, filtered and concentrated. The residue is purified by
35 flash chromatography (Combiflash, 15-40% EtOAc/Hex.) to afford 5a6 as an orange
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overnight. The m xture is concentrated under reduced pressure and the
resulting residue is subjected to flash chronatography to isol ate al kene
W 30 St ewo2wo09foem7m xture of al kene 4a3 (9.6 g, 89 nmolPrTiaA2008E0¢BE0 ni)
and water (270 nL) is added Gs04 (2.5% solution in t-BuOH, 5.4 nl)

foll owed by the portionw se addition 61 WO 2009/076747 PCT/ CA2008/ 002107
of NalO4 (34 g, 160 mmol ). The m xture is stirred for about 2 h at RT

bef ore bei ng i partially concentrated and diluted in Et OAc. The organic
phase is wasted with brine, dried over Na2SO4, filtered and concentrat ed.
The residue is subjected to flash chromatography to isolate al dehyde 4a4.
5 EXAMPLE 5A.Pr apar ation of internedi ates 5a6 and 5a7 CF3 CF3 CF3 CF3 CF3
oHoH/ a /2epbg N Step 1 I N Step 21 N Step 3 N Step 4 N 5al 5a2 5a3 0
5a4 OH 5a5 Atetl 5aS(Hp5 §, 48:mﬁmo@FFﬁcéﬂ'"rI&néEllw(ﬂhtria&blbl(foBlg,hBEtlmﬁblﬁar%I Step 1:
2- Hydroxy-3-trifluoronet hyl pyridi ne (500 g, 3. i aced in a 22 L
round 10 boff'P%?ﬂyrH?‘8§&Erﬂﬁléér§/9!\r 4 %Wﬂbﬂ?%ﬂg'dwmbi@iaﬂ@e@x&é? [Fowed by
pot assi um cgHillkdnavec 6ASDIAD (ﬂod@gﬂ_, a-mgwnhblj i0 dagett aiopiviBedStirtin® Boritinuds fatq?SSCThe
m xture is stirred under Ar an ated to gn internal tenperature o

For about 2 € PReEA T beiPre dhe e cae b tnuRtn SRR g Bef sifkch

over ni ght . Themight! Tiemiduriid dirterin EOAL Bad sabNenith Wetep(5ad. mddieisedue is

di ssol ved in nd ter L) .is added. The 15 m xtyre is stirred

e et ol | BT Beteks PR Bed by RS gl heaaentp aas G ByAF st etioots, o

separ at efh ansteédire afd BRUSSIBHGRSUBECTEARD B8sHEHrBmadgdidphg aE ERSM/HEREoOr gani cs
afford benzylic triazole 5a7.

EXAMPLE 5B

Preparation of intermediates 5b4 and 5b5

15
CF CF
: * CF
cl cl 8
_— ] _— [ —_— =
' Step 1 AN Step 2 o N Step 3 |
N
HO
51 5b2 5b3
l Step 4 \ Step 5
CF, CF,
Né/C! /\/fjrm
F
N N N
F N X
504 5b5

CF,
=~ | Cl
N

5a3

-
=N

Step 1:
To a solution of iodide 5a3 (300 mg, 0.98 mmol) in THF (3 mL) is added i-PrMgCI
20 (0.54 mL 2.0 M soln in THF) at -40 °C. The reaction mixture is stirred for about 30
min and allyl bromide (0.13 mL, 1.5 mmol) is then added. This mixture is stirred at -
40 °C for about 15 min and then stirring is continued at RT for about 30 min. The
mixture is quenched with water and extracted with EtOAc (3x). The organic layers
are combined, washed with brine, dried over anhydrous Na,SO,, filtered under
25  vacuum and concentrated. A light brown oil 5b1 is obtained which is employed

without further purification in the subsequent step.
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are conbi ned, washed with brine and dried over MySO4. Cooling of the DCM
and concentration affords the product 5a2 as a precipitate. 20 Step 2: The
phenol 5aR0Qa®H7§747424 mmol ) is placed in a 3-neck 2 L fcasia2008/002107

Phenyl phosphonic dichloride (500 nL) is added and the m xture heated to
136C under Ar with stirring. After consunption of starting material (about
4-5 h), the reaction is cooled to RT and carefully quenched by the sl ow
addi ti on of épe %eaction m xture to crushed ice 25 (caution: very

exot herm c!)= ite solid forms which is filtered. The solid is 62 WO
2009/ 076747 REh&EH8DRBHRBENEd talaldspldedb2iuzingtth¥é\erdcédline deBelibrdueStp NaCH i s
added with s |rr|n% A NaCH solution is added until the aqueous |ayer is
neutral . TheEXTeRE fhyer is separated, washed wth water and brine and
dried over anhydrous Na2SO4. Renpval of solvent gives a white solid which
i s washed w h cold hexane to afford chloride5a3. 5 Step 3: |odide 5a3 (10
g, 32.5 ol $ -conbined with a 1:3 m xture of anhydrous THE and

anhydr ous t oheRpie8830s Fahsfopee tolcafol mm@“@é%oé&@réﬂé&%m& ihstépol ed to
-78C then n-BuLi (1.6 Min hexanes, 24 ni, mmol) is added slowly by
syringe over 41X BA40 min. Stirring is contlnued for about 1 h before
ethylformate (3.2 nL, 39.7 mol) in THE (10 nL) is added over a period of
about 40 min, The mxture is stirred for about 1 h before being quenched
by the addi t®8R%f 2 MHCI. The mixture is partitioned between Et OAc and
sat ur at egh a%@@H?de'Wané‘?BﬁnéHﬂ%hﬁoBH@ﬁ& Lising B4 Ar8&ddeft otGteped Wi th
brine and dried over . The mxture is fil %ered and 15 concentrated
under reduceEX%F@§§ﬁre. Purlflcatlon is perfornmed by flash chronat ography
where the silica gel is pre-treated with 3% Et 3N in hexanes then eluted
with 1:1 EtOAc/Hex to isol ate al dehyde W Step 4: 20 A m xture of al dehyde
5a4 (19 g, 8%temddl) in MeOH (225 nl) is chilled to OC. Sodi um borohydri de

4.1 g, 109 t 0C
For about 1, ACRo A3 PEARRRRH G SRPOREBEEI s Pt ol Siee mafliel e

is stirrtd foA about another 30 min. The reaction is quenched by the
addi tion of NaHSO4 (5% aqueous) then diluted in EtOAc (500 nlL). The organic

phase is
EXAMPLE 6A

Preparation of compounds 1001 and 1002

~ COOMe o7 COOMe HO COOMe
o _— S ¢
Step 1 I\Q Step 2 NH

F

4a4 6a1 6a2
OMe OMe
CF,

f SpF Step 3
=N

H Step5 Step 4
i/\( C[COO coon % _ COOH
om
~oue @ @ -
1002 O)%
\\\\\\\\ 1001

1a8

20 Step 1
To an 8-mL vial are successively added K,CO; (46 mg, 0.33 mmol), aldehyde 4a4
(50 mg, 0.275 mmol in 0.5 mL DMSO) and 2-methoxyethylamine (103.9 mg, 1.4
mmol). The mixture is agitated on a J-Kem® orbital shaker (270 rpm) at 70°C
overnight. Water (1 mL) and concentrated HCI (0.7 mL) are added to the mixture.
25  The mixture is heated at 70°C for about 3 h, extracted with EtOAc (2 mL) and
washed with H,O (3x). After concentration, the crude aniline 6a1 is obtained and

used as such in the following step.
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25 separated then washed with water (500 nL) and brine. The organic phase
Is dried over Na2SO4, filtered then concentrated under reduced pressure.
The resi dwe 20®/0764bj ected to flash chromat ography (1:1 BCOAXN2bESYD2100

i sol ate al cohol 5a5. Step 5: 30 To the crude al dehyde 5a4 (2 g, 9.5 nmol)
in 45 nmL of DCE is added difluoropiperidine-HCl salt (1.6 g, 10.5 mol)
and triacetoxy sodi um borohydride (2.8 g, 13.4 mmol). This reaction is
stirred overnight at RT. The m xture is diluted with EtOAc (300 nm.) and
washed with water (100 nL) and brine (100nmL). The organic phase is then
dried over MgtEp2; filtered and concentrated. The residue is purified by 35

or ange. 63 VS SECRNPAASRPRCRA ckeabET S0IBH (e Te bVl B Feas (10, 5

g, 48 mol) $Lﬁ:c§§§‘ﬁyly'@$e\dﬂ Brdgeh awxae(zs R ofla 3% anuRbils S6)Gtion) and
tri phenyl phosphi ne (14. y Ob @ 1) |r$ aﬁhydrous THE (500 nmL). The m xture

is chill%d @Qﬁ‘%@%ﬁ@i“ﬁﬁ@dzpﬂ?}) GTW‘PLm'XMe mﬁﬂﬂt§teﬁ§”aﬁihl§ﬁm@r%b'@ﬁl§63k%tl rring
to RT
continues at g8 GphPht ?@‘?Hrtabjoum?ﬁi] 55 R a@aﬁrb‘%lﬁla teﬂ'l i nYﬁ%‘g&gNéﬁg@ 0

and is then s tirred overni e mxture i s washed

with water (FBBA{2mL)ahe Hixuieis edaotediwith Hi@f\@r(%rrtbéiamjtwqombirmdeqrgamsm.

Th | vent Se r r

SUEJ th ed to laggshaﬁlgﬁbrfg%g%ﬁggfapEﬁéﬁkﬁﬂgwé@&cﬁﬁéx) tlﬁ%dmﬁ]g ﬁéﬂ FI c

tri azol e W mesmﬂl&yvlmMpé@atﬂltemdcﬁndmneen’mtﬁdetp@@‘owhear\de?ﬁhsnolmzw CF
CF C 0CI @Eg&g ‘%E& a§%ﬁ@hf’nth‘e%ﬂ‘3%r@ SQed\l Step 3 HON 5a3 5bl 5b2 5b3

Step 4 sl

Step 3.
To the crude phenol 6a2 obtained above in dry DMSO (0.5 mL) are successively

added K,CO; (133 mg, 0.96 mmol) and 2-fluoro-3-trifluoromethylpyridine (40 uL,

15 0.33 mmol). The suspension is agitated overnight on a J-Kem® orbital shaker (290
rpm) at 85°C. Aqueous NaOH solution (5 N, 250 pl) is added at RT and the reaction
mixture is agitated at 50°C for about 3 h. After acidification using a 1 N aqueous
KHSO, solution, the mixture is extracted with EtOAc (3x). The combined organic
extracts are successively washed with water and brine, dried over MgSO, and

20 filtered. After concentration, the residue is dissolved in a mixture of DMSO and
AcOH (1.5 mL) and purified by reverse phase preparative LC-MS. Conditions;
column: Agilent SB-C18, 5 uM, 21.2 mm X 50 mm; gradient: 5% t0100% H,O 0.06%
TFA/MeCN 0.06% TFA; flow: 30 mL/min for 13.5 min; makeup: 25% H,0 0.05%
Ammonium formate/75% MeCN; 1mL/min. After lyophilization the desired ether 6a3

25 s isolated.

Step 4:
To a mixture of aniline 6a3 (10.0 mg, 0.028 mmol) in DCE (0.3 mL) is added acid

chloride 1b8 (6.31 mg, 0.039 mmol) and pyridine (9.8 pL, 0.121 mmol). The mixture
30 is heated at 150°C for 15 min in a microwave. After concentration, the residue is
dissolved in DMSO and AcOH, and purified by reverse phase preparative LC-MS.
Conditions; column: Agilent SB-C18, 5 uM, 21.2 mm X 50 mm; gradiant: 5% t0100%
H20 0.06% TFA/MeCN 0.06% TFA,; flow: 30 mL/min for 13.5 min; makeup: 25% H,O
0.05% Ammonium formate/75% MeCN; 1 mL/min. After lyophilization compound
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Cl GO FNNFNNON I 5b4 N5b5 Step 1: To a solution of iodide 5a3
(300 nmy, 0.98 mml) in THE (3 nL) is added i-PrMgCl 20 (0.54 nL 2.0 M soln
in THF) avo-24®/02674The reaction m xture is stirred for alpowmca2008/002107and
allyl bromde (0.13 nL, 1.5 mmmol) is then added. This m xture is stirred at
- 40 C for about 15 mn and then stirring is continued at RT for about 30
mn. The mxture is quenched with water and extracted with EtQAc (3x). The
organi c | ayer are conbi ned, washed with brine, dried over anhydrous
Na2SO4, fil téﬁ%l'su?ﬂ!@?d 25 vacuum and concentrated. A light brown oil 5bl is
obtai ned which is enployed wthout further purification in the subsequent
step. 64 WO 2009/ 076747 PCT/ CA2008/ 002107 Step 2: Al kene 5bl is

t ransf or ned ‘dehyde 5b2 using the procedure described in Step 3,

Exanpl e 4A.  AmHetais tréh%hﬁéiﬁto%ﬂoﬁn@ﬁmué?ﬁm fr@cééleé)hcﬁtepsﬁ?’ usi ng the
procedure described in Step 4, Exanple 5A. Step 4: Al dehyde 5b2 is

t r ansf or ned E@@B‘ﬁﬁ@und 5b4 using the procedure of Step 5, Exanple 5A
Step 5: Alcohol 5b3 is transforned to triazole 5b5 using the procedure of
Step 6, ExanE e 15 5A.  EXAMPLE 6A Preparation of conpounds 1001 and 1002

CoOOve 0 ~ ~ ~COOv O/ / F Step | / NH Step 2 / NH 4a4 6al H 6a2
H Preparatlon of compound 1007
\CECO ,Me BnO\E:[COZMe HO\C[COZMe
NH, CI~ Step 1 NH step 2 NH
721 K/OMe 7a2 K/OMG
CF,
step 3 =N I N @
CF o Cl N N ~N
\3 0 OAO CF, 5a7
=N OH - o} CO,Me
\N,N I _N N/\/OMe 1a8 (?\l‘ | /\N p

- —e N~ NH
o step 4 K/OM e
1007 7a3
10  Step1

2-Bromoethyl methyl ether (2.22 g, 15.9 mmol) is added to aniline 2a1 (712.0 mg,
2.42 mmol) dissolved in dry DMF (8.0 mL) in a pressure tube. Kl (2.0 g, 12.0 mmol)
is added, followed by DIPEA (2.72 mL, 16.0 mmol) and the mixture is heated at
120°C for about 16 h. The mixture is cooled to RT, diluted with aqueous saturated

15 NaHCO; (100 mL) and extracted with EtOAc (2 x 50 mL). The combined organic
phases are washed with aqueous saturated sodium bicarbonate (2 x 100 mL), brine
(100 mL), dried over Na,SO,, filtered and concentrated under reduced pressure. The
residue is purified by column chromatography (20% EtOAc in hexanes) to afford 7a1.

20 Step?2
Benzyl ether 7a1 is transformed to phenol 7a2 using the procedure described in

Step 8, Example 1A.

Step 3
25  Potassium carbonate (19 mg, 1.4 mmol) is added to a DMSO solution (3.0 mL) of

phenol 7a2 (100 mg, 0.44 mmol) and chloropyridine 5a7 (6.6 mg, 0.44 mmol). The
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O OV 3 Step 3 CF3 O/COON Step 5 CF&0aCOOH Step 4 CF3 /GaCOCH N N~OWe
Cl NHC 1: IN/ N%w 1002 0 6a3 HBr &' 1001 0 1a8 Owe 1b8 Br &N 20
Step 1. ™Woan¥al47 vial are successively added K2C03 ( 26Trap20@/08310mol ),

al dehyde 4a4 (50 ng, 0.275 mmol in 0.5 nL DMSO) and 2- net hoxyet hyl am ne
(103.9 ng, 1.4 mmol). The mxture is agitated on a J-Kenm(r) orbital shaker
(270 rpm) at 70C overnight. Water (1 m-) and concentrated HCl (0.7 nlL)

dded t i ] i Y/ 3 h,
ot ract ed wiTpLER e et 0% K SoBleaot Trieoegh RgBlea T, QluBRtE P on,
t he crude amduenes satlrated sstium hisdrbonate (186@ mLhgne exiracied WieEIQAd @wWid¥y st ep.
65 WO 2009/ 07p7/ P : 6al

r%@ééae f%&éﬁ%?%nﬁcﬂ%%éi a%\gﬁh%gtvx;@ éqﬁ@o&sr WGrafladRipe 62

di ssolved in are successlvely added
hydr ogen perisardengtd & x 59mLa, [B0%(8Q mbodsied overt NanPP. afiligras! ansheaneenteated H2SO4
(20 L). The m j Lt at 5 : Jut rpm at
2C for a-t%out%p ﬁ“ﬁ%‘ﬁﬁ'aetg %r% gﬁjesgrpggget%édg%%B?é%‘%gtﬂgoci%&n?ﬂﬂ#ﬁ\atﬁgéa%ﬂyS added
(2 nm). The @D% EtOAciis hexaneartoeadford trinzete @ad (158.Gvinp, &34 yield. conbi ned or gani ¢
extracts are successively washed with water (1 nL) and brine (1 nL). The
organic phase is dried wth MgSH4, filtered and concentrated to afford the
crude phenolSt®az 10 which is used as such in the following step. Step 3:

To the crud o) 2 ' ' r ngﬁ ( e
successi vel ;Pﬁ@%e 7@&35)}1%@?%%9838% %%{)I an %50'“'?) iiAE Fa3 (50
2- f 1 uor ot03- t mgf 0.do roma) dmd gojd cldonide {a8)(2ML.4 ridg 01 BBmmel| JThe Mihdurs isshpested on i s
agi tated over,ni .on_a J-Kemdr). orbital r p gqueous
NaOH sol uti oﬂnlégbt}\lm azgaﬁcr?_\ﬁlavles EJJEd@H'" eﬁ?ﬁ'g{%%%tﬁ?é%r%g%gt&ia?ﬁ C%EC&ﬁrgmdA

under reduced pressure. The residue is dissolved in DMSO (1 mL) and then 2.5 N

NaOH (0.4 mL) is added. The solution is stirred at 50°C for about 1 h; then acidified

with AcOH and purified by preparative HPLC to afford 1007.

15
EXAMPLE 8A

Preparation of compound 1008

HO Cco,Me
BnO CO,Me B”O:@[COZM‘* ]@ 2
—_— _
+ - step 1 F
FI INHS | p F NH
1a4

step 2 NH
c (_ome g2 \_OMe
CF,
Cl
=N S
o step3| (N\ NVCNf
CF o)
\3 © OAO § 0 come 2
<t’\']N | N 4 OMe 128 f'\" |\ i
N~ ZN N7~ N N N
- N F NH
1008 o step 4 L_ome
8a3
Step1

20  Aniline 1a4 is transformed to compound 8a1 using the procedure described in Step

1, Example 7A.

Step 2
Benzyl ether 8a1 is transformed to compound 8a2 using the procedure described in

25  Step 8, Example 1A.
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m xture is agitated at 50C for about 3 h. After acidification using a 1 N
aqueous KHSO4 solution, the mxture is extracted with EtQAc (3x). The
conbi ned WOQaIw674@xt racts are successively washed w t hpaatGroemd2tori ne,
dried over MJSO4 and 20 filtered. After concentration, the residue is

di ssolved in a mxture of DMSO and AcOH (1.5 nL) and purified by reverse
phase preparative LCMs. Conditions; colum: Agilent SB-C18, 5 uM 21.2 nm
X 50 mm gra%%e%t: 5% tol 00% H20 0.06% TFA/ MeCN 0. 06% TFA; flow. 30
m./mn for I3 in;, makeup: 25% H20 0. 05% Ammoni um formate/ 75% MeCN;, 1
mL/ m n. Aft ePhdnpbBdt isitmasiooned todridade 8a8lusitdithe adubdessribexbingitepl3, St ep 4:
To a mxture_of anitline 6a3 (10.0 ng, 0.028 nmmmol) in DCE (0.3 nlL) is added
acid chlorid®"H8 (6. 31 ng, 0.039 mol) and pyridine (9.8 pL, 0.121 nmol).
The m xture 30 is heated at 150C for 15 min in a mcrowave. After
concentr§h| Otk 4he residue is dissolved in DVMSO and AcOH, and purified by
reverse parative LC-Ms. Conditions; colum: Agilent SB-C18, 5 uM
21.2 mm X 50Amime @B&siirmﬁmnﬁ%tbobu&ﬁ%nd—imamsﬁ}@ma PAICEEON desOdked TifrBtepf | ow:
30 nMb/mn fo ﬁl n} makeup: 25% H20O 0. 05% Ammoni um for mat e/ 75% MeCN;, 1
nL/ min. Afte ’?B‘;B’iﬁ I"zati on conpound 66 WO 2009/ 076747 PCT/ CA2008/ 002107
1001 is isolated. Step 5: Amine 6a3 is transfornmed to conpound 1002 using

t he procedure in Stgeéo2 5 Exanpl e 3a. EXAMPLE 7A Preparation of conpound
1007 BnO Me HOyCO2Me NH3 Cl step 1 NH step 2 NH ~I1Owe 7a2

LOMB 2afh 7aP-re§E?atlo$|t<ﬂ’R:oa1|$o_tNds 1609 antd31090CIl NN , N NOOHo , N3 O C2m

5a7
HO COOMe
COOMe COOMe
J @E 7@(
—_—
O 5a4 Step 2
3b6 "o Step1
OMe 5
Step 3 OMe
Co, H COOMe
1010 ' 1009
OMe Me (:)Me
Step 1:

15  To a solution of phenol 3b6 (1.15 g, 2.85 mmol) and K,CO;(0.59 g, 4.2 mmol) in
anhydrous DMSO (20 mL) is added pyridine 5a4 (500 mg, 2.92 mmol). The resulting
mixture is stirred at 100°C for about 30 min, then diluted with EtOAc and
successively washed with water, brine and concentrated under reduced pressure.
Following purification by silica gel column chromatography on a Combiflash (50%

20 EtOAc in hex), 9a1 is isolated.

Step 2:
NaBH, (0.11 g, 2.8 mmol) is added portionwise to a cold solution (0°C) of aldehyde

9a1 (1.10 g, 1.91 mmol) in MeOH. After being stirred for about 1 h, the reaction
25  mixture is evaporated to dryness and redissolved in EtOAc. This mixture is

successively washed with 10% aqueous solution of NaHSO,, saturated aqueous
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NI NI i Ow 1a8 NN~ E NN NNH step 4 ~Ov 1007 7a3 10 Stepl
2-Bronoet hyl nethyl ether (2.22 g, 15.9 nmol) is added to aniline 2al
(712. 0 nowo 202610l ) di ssolved in dry DVF (8.0 nl) i npraTmraasesioziorube. Ki
(2.0 g, 12.0 mol) is added, followed by DIPEA (2.72 nm, 16.0 mmol) and
the m xture is heated at 120C for about 16 h. The m xture is cooled to RT,
diluted with aqueous saturated 15 NaHCO3 (100 nL) and extracted vm'th Et CAc

(2 ,20,) ol SARGMERS AU noBasit Figrhid) spigpysy oot r ated

filtered andcaeactated anderl redider pressutse dhe casiewompolingis nwﬁedzlbsesnlus_a spajur ified

Benzyl ot hor SaT PRt bered G PRALHBRBENERAG R oq 8 ol aond 92 CF hec

in Step 8, Exanple 1A. Step 3 25 Potassi um carbonate (19 ng, 1.4 mol) is
added to @ DMRO.solution (3.0 ni) of phenol 7a2 (100 ng, 0.44 mmol) and
chl or opyri di a7 (6.6 ng, 0.44 mol ). The 67 WD 2009/ 076747

PCT/ CA2008/ 0024 @dlution zft alcahol SahElad gdl. AmmM@OnfanhydrbosiDCRO(2E. mlieadaddut i on i s

and oxt r act revsiEReth 20 s S RHRD IR 5 Gt SR TP IR el
washed with 'Ehpjulsng;aOIummledtlrssexﬂfouabowhwamb@haﬂ' edij@edwiBODEM andbr i ne (50

) i ed el MRGR QeI R \SARCE UL RS T dsfcd SEued oL eoour e

The crude residue 1's romat ogr aph

hexanes)1d o I&éjsmhdﬂlteredaamd mn%aﬂtrdtéd')&) divarchlorid@9as v&anI) is dieetly ubeBym théi ne (27
pL, 0.33 m"ml%t % added to a DCE solution (0,.5 nL) of aniline 7a3 (50 10
ng, 0.11 mol < &8 aci d chl oride 1a8 (21.4 ng, 0.113 nmol). The m xture is
heated at 150C in a mcrowave for 15 mn. The solution is cooled to RT and
concentr at edS der reduced pressure. The residue is dissolved in DVSO (1
m.) and the 5N

The chloride 9a3 (120 mg, 0.22 mmol) along with 1,2,3-triazole (17 mg, 0.25 mmol),

15 Cs,C0;5 (124 mg, 0.38 mmol) and Kl (16 mg, 0.099 mmol) are mixed in DMF (2 mL).
The mixture is warmed to 70°C for about 2 h, then cooled down to RT. A solution of
NaOH (2.5 N, 0.8 mL, 2 mmol) and DMSO (0.5 mL) is then added. The mixture is
warmed to 50°C for about 1 h, neutralized at RT with AcOH and injected onto the
preparative HPLC to isolate 1009 and 1010.

20
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NaCH (0.4 nL)

is added. The solution is stirred at 50C for

about 1 h; then

acidified with AcOH and purified by preparative HPLC to afford 1007. 15
EXAMPLE 8SwoRn@peEsavi on of conpound 1008 BnO CO Me BnO CeEvkA20B80AMe7 F NH

c

cl ~NN~~N o CF3 W f;oMe 1a8

step 1 F NH step 2 F NH 8al LOw 8a2 LOWB la4 CF,
"\ Nr -a NF NH 1008 step 4 1Ow 8a3

_NC step 3 CF3 O

Stepl 20 Aniline 1a4 is transfornmed to conpound 8al using the procedure

Exanpl e 7TA. Step 2 Benzyl

described in _Ste
E procedure described in

conpound 8a2 EXaMm

ether 8al is transforned to
25 Step 8, Exanple 1A 68 WO

2009/ 076747 @gﬁggﬁg@&ggﬁgznd&g@ 30%%8'10%2 Is transfornmed to triazole

bed | n ep 3
'ﬂS| ng th

ngtlcgra—pf

MeO

8a3 using the procedure descri
8a3 is transfy cooVeC OMPO
4, Exanpl e 7A. I\éPLEgg}\"lO P

4a4 10a1

CF,

e}

1a8

SR
‘(/OMe
1014 OA

Step &

10a2

Exanple 7A. 5 Step 4 Am ne
Wure described in Step

l\y%yds 1009 and 1010

H

MeO

o
=N lSteps

C( \©:COOMe

10a3

& O

1040 I

o~

Step 1:

O
/k,OMe
1041 /J:::jw//L§
Br N

Potassium carbonate (400 mg, 2.89 mmol) is added to a DMSO (4.0 mL) solution of
fluoride 4a4 (438 mg, 2.4 mmol) and (S)-(+)-1-methoxy-2-propylamine (858 mg, 9.63
5  mmol). The mixture is heated at 70°C for about 20 h, cooled to RT and diluted with

water. Concentrated HCl is then added. The solution is stirred at RT for about 1 h,

basified with aqueous 2.5 N NaOH and extracted with EtOAc. The organic phase is

washed with brine, dried over Na,SO,, filtered and concentrated under reduced

pressure. The crude product 10a1 is used directly in the next step.

10
Step 2:

Hydrogen peroxide (374 uL, 3.3 mmol) is added to a 0°C MeOH (3.0 mL) solution of
the aldehyde 10a1 and sulfuric acid (180 L, 2.9 mmol). The solution is stirred at 0°C
for about 2 h, basified with aqueous 2.5 N NaOH and extracted with EtOAc. The

15

organic phase is washed with brine, dried over Na,SO,, filtered and concentrated

under reduced pressure. The crude residue is purified by column chromatography to

afford phenol 10a2 as a yellow solid.
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HO a,,COOMe CF3 CFCF3 OC1L p COOve \ O COOM NV INN / O /I O O1 i N
N 5.4 ONO Step 2 OH N 3b6 Stepl 9al 9a2 0, Owe OV Step 3 Ow CF3

40 ep4 CR3020/0761392\ OCL, N ~ NN NIN CI  Nv 1010 O0' 10@eTaa2o0osMogive Ove
Ovwe Step 1: 15 To a solution of phenol 3b6 (1.15 g, 2.85 mmol) and K2CO3
(0.59 g, 4.2 mol) in anhydrous DVBO (20 nlL) is added pyridine 5a4 (500
nmg, 2.92 mmol ). The resulting mxture is stirred at 100C for about 30 m n,
t hen dil uted vviE_h Et OAc and successively washed with water, brine and
concentrate r reduced pressure. Following purification by silica gel
col um chr onedtasyidplayrbenate (€29vigf 6. ahmoIp%daed k4 HBMSO (hex)L) sBlafion ef

I solated. Step 2: B 0.11 2. S ed porti.onw se a cold
sol ution (odj‘eahe%q'%ﬁ?g?@(7 %ﬂ-?ﬁmmﬁf%%'@r%ﬁﬁu?rﬁ%%@?w rfee(zagei ng

stirred for @§ous mindl). ThBeniktaRCE isBifed2Bt 85° o abouss Aiegmecdlezito iRY atidyness and
redi ssolved in EtQAc. This m xture is . succe ;le%g% wash?d wi .t h 10% aqueous

sol uti on Sof Sitagoth EXQAG Zhe arazgicabase isgw GeuESAeieA ERIYB/ 002107

sol ution of edrcbRatansiing! dntRl ovENRaBaAIter&d afi®cslidentlatey ahddvaadiioed fil tered
and concentrated under reduced pressure. The crude conpound, i urified by
% orhethe

silica gel RBPHI® 19 SreR GalopIRPBIed bysalmp chsnatagsp %) to
afford al confygazdaa whie stiigp 3: To a solution of alcohol 9a2 (1.0 g, 1.7
mol ) in anhydrous DCM (25 nm.) is added thionyl chloride (0.25 ni, 3.4
mmol) followed by a catalytic anount of DMF (2 drops).

10 Step 4:
Pyridine (100 pL) is added to a DCE (1 mL) solution of the aniline 10a3 (50 mg, 0.13

mmol) and the acid chloride 1¢8 (105 mg, 0.60 mmol). The mixture is stirred at
150°C for 15 min in a microwave, cooled to RT and concentrated under reduced
pressure. The residue is dissolved in DMSO (2.0 mL) and aqueous 2.5 N NaOH

15 (200 pL) is added. The reaction mixture is stirred at RT for about 2 h, acidified with
AcOH and purified by preparative HPLC to afford 1040.

Step 5:
Pyridine (500 pL) is added to a DCE (1 mL) solution of the aniline 10a3 (490 mg,

20 1.27 mmol) and the acid chloride 1a8 (422 mg, 2.62 mmol). The mixture is stirred at
150°C for about 15 min in a microwave, cooled to RT and concentrated under
reduced pressure. The residue is dissolved in DMSO (2.0 mL) and aqueous 2.5 N
NaOH (200 pL) is added. The reaction mixture is stirred at RT for about 2 h, acidified
with AcOH and purified by preparative HPLC to give 1014.

25
Step 6:

Pyridine (40 pL) is added to a DCE (1 mL) solution of the aniline 10a3 (41 mg, 0.11
mmol) and the acid chloride 1b8 (48.8 mg, 0.22 mmol). The mixture is stirred at
150°C for 15 min in a microwave, cooled to RT and concentrated under reduced

30 pressure. The residue is dissolved in DMSO (2.0 mL) and aqueous 2.5 N NaOH
(200 uL) is added. The reaction mixture is stirred at RT for about 2 h, acidified with
AcOH and purified by preparative HPLC to give 1041.
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The resulting solution is stirred for about 30 mn at RT, diluted with DCM
and washed with a saturated solution of NaHCO3 and brine. The organics are
dri ed ovewo2009ea@B804, filtered and concentrated to gi vePchinias®0o2@m3 whi ch
is directly used in the next step. Step 4: The chloride 9a3 (120 ng, O0.22
mmol) along with 1,2,3-triazole (17 ng, 0.25 mmol), 15 Cs2CO3 (124 ny,
0.38 mmol ) and KI (16 ng, 0.099 mmol) are mxed in DMF (2 nL). The m xture
is warned toﬁ%ﬂﬁ:‘}oﬁ about 2 h, then cooled down to RT. A solution of NaCH
(2.5 N, 0.8 , i'm*n')o?) and DMSO (0.5 nmL) is then added. The m xture is

war med to 50Bréparatidroof cdmpoumed04nl i zed at RT with AcOH and injected onto
the preparative HPLC to isolate 1009 and 1010. 20 70 WD 2009/ 076747

PCT/ CA2008/ 002107 EXAMPLELOA Prepar ati oy of e¢gmpounds 1040, 1041 and 1014
COOve O COOV HOCOOVE O i F Step 1 HS 2 / N HeO 4a4 10al MeO 10aZ2
MO CF3 &F, Step 3 CF3 ¢ CF3 COOH E Step 5 Mild~ 1014 10a3 MeOci 0 C

ci | NStep 4 0 Step 6 Br iN 1c8 1b8 CF3 @FC;}F

3
e
Step A _N

CF,
o COOMe
| = CF,
o 0 N .- o) COOMe
X
OH OTBDPS NH, ©f |
- - 11a3 2N NH

OH Step 1 OTBDPS
Step 2 11a4 OTBDPS

OTBDPS
Step 3

CF, CF,
COH
N fo) R X 0 COOMe N 0 COOMe
' OMe -« I -— ]
=N N_<: Step 5 =N NH Step4 =N NH
O*O H\/OH

a1 11a2

OMe OMe
11a6 11a5

OMe CH

w

1042

Step A:
5 Compound 2a1 is transformed to compound 11a3, using the procedure in Steps 2

and 3, Example 8A.

Step 1:
1,3-dihydroxyacetone 11a1 (964 mg, 10.7 mmol) is dissolved in DCM (25 mL) and
10 imidazole (2.19 g, 32.1 mmol) followed by tert-butyldiphenylchlorosilane (5.8 mL,
22.5 mmol) are added. The mixture is stirred at RT until the reaction is complete,
then water is added. The layers are separated; the organics are dried over MgSO,,
filtered and concentrated under reduced pressure to afford 11a2 which is used
without further purification.
15
Step 2:
The hydrochloride aniline salt 11a3 (200 mg, 0.57 mmol) is dissolved in DCM (10
mL) along with ketone 11a2 (651 mg, 1.15 mmol). After being stirred for about 10
min, NaBH(OAc); (243 mg, 1.15 mmol) is added and the mixture is refluxed. The
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OCOOH O COON ~czOVe | NI i N--Me 10401 O1041 1 0O G/ NBr Step 1:
Pot assi um car bonate (400 ng, 2.89 mmol) is added to a DVBSO (4.0 nl)

sol uti on wb 200da16147de 4a4 (438 ng, 2.4 mmol) and PCT/CA2008/002107
(S)-(+)-1-nethoxy-2-propylam ne (858 ng, 9.63 5 mmol). The m xture is
heated at 70C for about 20 h, cooled to RT and diluted with water.
Concentrated HCl is then added The solution is stirred at RT for about 1

h, basified with agueous 2.5 N NaCH and extracted wi th Et OAc. The organic
phase is waSWdereds pwt[ﬁhg%by %ﬁ‘q"@ﬂjaé%téfat?@a%@@“ﬁ?'m‘%?%fd‘lad'ﬁf&o%@ﬁﬁf‘entrat ed

under reduceextré&&s@m ECMTdTSQ) %é@ﬁgdﬁi’d@%bvaé&'& wﬂtkﬁbﬁh'ieGGnéH 6RFMgsa,n the
next step. 10 Ste Hydr ogen peroxi de (374 3 1) is added to a 0C

NEOH (3.0 i fitereq Bed 6ANGENtralEA AngpTIRAYesd pieﬁur%ﬁ@ewqamxwreerwr'('qdaby pL, 2.9

mol ) . The sabdf dbmhdgidphy (B EROAL R hdx§lo %@Hﬁlhr?e fhagbasified with aqueous
2.5 N NaCOH and extracted with Et OAc. The 15 organic phase is washed with

brine, dr¥ed over Na2SO4, filtered and concentrated under reduced
pressure. Thgtgcg[yde residue is purified by colum chromatography to afford
phenol 10a2 as a yellow solid. 71 WD 2009/ 076747 PCT/ CA2008/ 002107 Step 3:
Pot assi um cafb@ragiutiop @pcomppund. 10 adi®i4 mDSO &8l awepl) ip TaHFVBOL) 8 added-g

sol ution of brered I

2-fl uoro- 3- (télpﬁrﬁor orreFt ﬁﬁd@?lﬁﬁi ﬂg nZIZ Aelmm Thgegmuﬂls Stlrkrleed ant]R)’('I,; ﬂ?tg is
stirred at 88E€ reacticalicem@pete, dihded WtﬂmaeaturaiquWSEsoutwruofd‘deI1ahd Et OAc.

The orgapc BQ%%%#\@%W@ W'TBQ g&!?g%%c‘éra% ﬁ'g?iﬁun dnH{TiBm%' GRLPQR €.

brine, dried over ere centrate er reduced
pressure. Th¥gSQuddterassangironcentraied ﬂmdaﬂ répluced brassurehF olostiregpuifibgtiondyaf f or d

et her 10a3 ﬁg a%hmgtgglsa@hkdz%hosﬁﬁ ?%M)d& S'Iela%gsols&%?ed' s added to a

DCE(1n1)s Ion o I ne

Step 4.
15 Diol 11a5 is transformed to dimethoxy 11a6 using the procedure of Step 5, Example

1A.

Step 5:
In a microwave tube, dimethoxy 11a6 (37 mg, 0.089 mmol) along with pyridine (36
20  pL, 0.45 mmol) and DMAP (1.1 mg, 9 umol) are mixed in DCE (1 mL). The acid
chloride 1a8 (91 mg, 0.57 mmol) is added and the tube is sealed and placed in a
microwave at 175°C for 15 min. The mixture is diluted in EtOAc and washed with a
saturated ageous solution of NaHCO; (3x). The organics are dried over MgSO, and
concentrated. The crude residue is re-dissolved in a THF (1 mL)/MeOH (0.5
25  mL)/H,0 (0.5 mL) mixture and an aqueous NaOH solution (10 N, 45 pL, 0.45 mmol)
is added. The mixture is stirred overnight before being acidified with AcOH, filtered

then injected onto a preparative HPLC to isolate compound 1042.
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mmol ) and the acid chloride 1¢c8 (105 ng, 0.60 nmol). The m xture is stirred
at 150C for 15 mn in a mcrowave, cooled to RT and concentrated under
reduced woeseunre47The residue is dissolved in DVSO (2. @CFiCA0@md2@gueous
2.5 N NaCH 15 (200 pL) is added. The reaction mxture is stirred at RT for
about 2 h, acidified with AcOH and purified by preparative HPLC to afford
1040. Step 5: Pyridine (500 pL) is added to a DCE (1 m-) solution of the
ani |l ine 10a3_(490 20 1.27 mmol) and the acid chloride 1a8 (422 ny, 2.62
mrol ). The VP stirred at 150C for about 15 mn in a mcrowave,

cool ed to RTpaéphratioe onéémpedndndses reduced pressure. The residue is

di ssolved in DVBO (2.0 m -) and aqueous 2.5 N NaO—| (200 (Jplb}vI i s added. The
reaction mxture is stirred at RT for about 2 h, aci With AcOH and
purified by preparative HPLC to give 1014. 25 Step 6: rz, ne (40 pL) is
added to a DCE (1 m-) solution of the aniline 10a3 (41 ny,)0.11 mmol) and
the acid chloride 1 b8 (48.8 ng, 0.22 mol). The m@f;ture Y stirred at

150C for 15 min in a mcrowave, cooled to RT ce|n rated under reduced
30 pressure. The residue is dissolved in DI\/B L@g? aqueous 2.5 N
NaOH (200 pL) is added. The reaction mxturele st rre RT for about 2
h, acidified with AcOH.and purified by preparatpfi¥fe HPLC to give 1041. 72
WD 2009/ 076747 PCT/ CA20 8 QO 10 ZOOHEXAIVPLE 11A Prepar atdron of conpound 1042

B1O Ve NHB O (Hal[d A\ cB®20 / ﬁ
OMe cocl
1043 @ /O/ 1221
o N “ 1c8 O
Step 1:

5 Potassium carbonate (193 mg, 1.40 mmol) is added to a DMSO (6.0 mL) solution of
phenol 10a2 (136.6 mg, 0.571 mmol) and chloropyridine 5a7 (150 mg, 0.571 mmol).
The mixture is stirred at 80°C for about 12 h, cooled to RT and aqueous 2.5 N NaOH
(0.90 mg, 2.25 mmol)is added. The solution is stirred at RT for about 1 h, diluted with
water and acidified with AcOH. The solid is filtered and dried to afford the acid 12a1
10  as a beige solid.

Step 2:

Pyridine (49 uL) is added to a DCE (1 mL) solution of aniline 12a1 (60 mg, 0.133

mmol) and the acid chloride 1¢8 (47.5 mg, 0.270 mmol). The mixture is stirred at
15 150°C for 15 min in a microwave, cooled to RT, acidified with AcOH and purified by

preparative HPLC to afford 1043.
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O ON\VI NHBCA OH/OmBDPSTr 11.3 1 i N\ NH OH Step 1 OITBDPS | Step 2
11a4 J- OIBDPS 1l1lal 11a2 v OIBDPS Step 3 CF3 CF CF3 COOve \ 0 COzH Owe
\ 0 3CNHwp20@@avE7\ p 3NH Irl N Step 5 NI i N Ove HOVeCDdA0M@BIas1011a5
Ove OH 1042 Step A: 5 Conpound 2al is transforned to conpound 11a3, using
the procedure in Steps 2 and 3, Exanple 8A. Step 1: 1,3-di hydroxyacetone
11al (964 ng 10.7 mmol ) is dissolved in DCM (25 nL) and 10 i m dazol e
(2.19 g, iE n;gglu%bg ol | owed by tert-butyl di phenyl chl orosilane (5.8 ni,
22.5 mml) a The mixture is stirred at RT until the reaction is
conpl ete, tPREPAYATEIN OScomemekD 1084 | ayers are separated; the organics are
dried over MgSM4, filtered and concentrated under _reduced pressure to

afford 11a2 whi chnbs usedouaM t ho urt her purlfl Thit bon ‘155 tep 2. The
hydrochl ori de anili @ al t 11a3‘@§é—n‘g N;\rﬁﬁ@;sso ved in DCM (10
m-) along with ket oné 2 (651 nyg, {f1. iLS e Y er Nng stirred for
about 10 m n, NaBH(@&c) (243 B@@xf mol ) is ggdded anfl Phe mixture is
refluxed. The 73 WO 20 70767 8A2008/ 002107 MeO

Step 1:
5  Potassium carbonate (650 mg, 4.703 mmol) is added to a DMSO (15.0 mL) solution

of phenol 10a2 (456.0 mg, 1.906 mmol) and chloropyridine 5a7 (500 mg, 1.904
mmol). The mixture is stirred at 80°C for about 12 h, cooled to RT and diluted with
EtOAc. The organic phase is washed with aqueous saturated sodium bicarbonate,
brine, dried over Na,SO,, filtered and concentrated under reduced pressure. The
10  crude residue is purified by column chromatography (30% EtOAc in hexanes) to

afford triazole 13a1.

Step 2:
Pyridine (404 pL, 5.0 mmol) is added to a DCE (1 mL) solution of aniline 13a1 (433

15 mg, 0.930 mmol) and acid chloride 1a8 (450 mg, 2.801 mmol). The mixture is stirred
at 140°C for 60 min in a microwave, cooled to RT and concentrated under reduced
pressure. The residue is dissolved in MeOH/THF (1:2) and aqueous 1 N NaOH (660
ML) is added. The mixture is stirred at RT for about 2 days, acidified with aqueous
HCI and purified by preparative HPLC to afford 1044.

20
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m xture is neutralized by adding a saturated aqueous sol ution of NaHCCS;
then extracted wth DCM (3x). The organics are washed with brine, dried
over MgySMQ 2009d76mred and concentrated under reduced pressuraoosiioziocr ude
m xture is purified by flash chronmatography (2% Et OAc in hex) to give
aniline 11a4. 5 Step 3: To a solution of conpound 11la4 (674 nmg, 0.78 mmol)
in THE (10 nm.) is added a solution of TBAF (1.0 Min THF, 1.6 nL, 1.6
mol ). The s Iutlo iis stirred at RT until the reaction is conplete,
diluted vvith Hﬂét ed aqueous solution of NH4CI and 10 extracted with
DCM ( 3x) . Thprecpapd:tmﬁ@kw@wu.ﬁmmee washed with brine, dried over MSH,
filtered and concentrated under reduced pressure Foll owi ng purification by
flash chronmat ography (2% to 8% MeOkdr,i n , diol 1145 js isplated. Step 4:
15 Diol 11a5 isotranséoened to di Jfla6 usi ngrthe p edyre of Step
5, Exanple 1 A ep :I+namco ve—t—ube Wﬁz\glN 7 ng, 0.089
mml ) along with, yri ne( 0. 45 n'n{)V), and P(l 9 nol)
are m xed in DCE %1 "amd ®%hl ori de 1a8 (91 ng, 0. 57 rrm)l) i s added
and the tube is seal ed and pI aced in a mcrowave at 175C for 15 min. The
mxture is diluted in EtOAc and washed with a satutéﬁ’ézd ageous sol ution of
NaHCO3 (3x). The organics are dried over MPJSO4 a g concentrated. The crude
residue is re-dissolwvwed in a THE (1 nmL)/ MeOH (O. 2§ m_)/g\go (0.5 n)

Z4

m xture and an aquegq lut i o (10 N 45 i s added. The
m xture is stirred ve ni % O—l, filtered
>, 74 WO

hound 1043 HO,

then inject egN t r epar at/l ohPLC to J,§0I at e conpou
2009/ 076747 CAZOQ,SJ 0021@’@@!\/PLE12A Pr epar atl on of
COOve N 10a2 MeO CF3 [ o

Step 1:
5 Compound 14a1 is generated via a reaction between compounds 10a2 and 5b5

using the procedure of Step 1, Example 13A.

Step 2:
Compound 14a1 is transformed to compound 14a2 using the procedure of Step 9,

10 Example 11A.

Step 3:
To a solution of 14a2 (190 mg, 0.32 mmol) in MeCN/deionized water is added

aqueous NaOH (0.32 mL, 1 M). This is stirred at RT for about 96 h. An additional

15  amount of aqueous NaOH (0.64 mL, 1 M) is added and the resulting solution is
allowed to stir for about 18 h. A 1 M HCI solution in water is added at 0°C until acidic
pH. The solution is extracted with EtOAc (4x). The organic layers are combined,
washed with brine, dried over anhydrous Na,SO,, filtered under vacuum and
concentrated. A light yellow oil (194 mg) is obtained which is dissolved in

20 MeCN/deionized water (100 mL, 1:1) and 1 equivalence of 1 M aqueous NaOH is
added. The solvent is then removed by lyophilization (~2 days) to yield 1046.
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NC NNI ANStep 1 5a7 CF3 OCOON CF3 N Step 21 Ol CO2H NN /~QOw
COCI NN/ N~ 1043 & NO HC C N 1c8 12al MO Step 1: 5 Potassium

car bonat ew028®/a157471. 40 "ol ) is added to a DVSO (6.0 nipCr/caabasttionrns of
phenol 10a2 (136.6 ng, 0.571 mmol) and chl oropyridi ne 5a7 (150 ng, 0.571
mml ). The m xture is stirred at 80C for about 12 h, cooled to RT and
aqueous 2.5 N NaOH (0.90 ng, 2.25 mmol )is added. The solution is stirred
at RT for b@ﬁwj} q diluted with water and acidified with AcOH The solid
is filtered P4Fi188 to afford the acid 12al 10 as a bei ge solid. Step 2:
Pyri di ne (4%nebirdtionasfdothpounal 137 apt 1048 sol ution of aniline 12al (60 ny,
0.133 mmol) and the aC|d c?@grlde 1c8 (4799 0.270 mml ) . Jhe mixture

is stirred at 15 150 i’i omém_coole Rf, acidified
with AcOH and purified-b preparat i veF 4 o atd2ord NS VWO
2009/ 076747 PCT/ CA2008/ 0%%107 EXANPLE13A E’REPARATI ON OF Gﬂ\)l'b e1044 CF3
HO | aCOO\/bSteplNCI’J f NOTOZIVElll ' 10a2 IVEOJ.'3a1 MO NI ~N N
5a7 C Step 3

HOJCECOZMe K/C[co Me hCOZMe

“Step5 Step4
F N F N
1526 H{-OMe OMe 15a4 H‘<\0Me

15a5

l Step 6

CF,
G L
ol
SN ZN FI:[N{ Step7 {
H oM OMe
15a7 € 1047 OA
J Steps

Sulfuric acid (1 mL) is added to a solution of acid 15a1 (5.00 g, 17.6 mmol) in MeOH
(100 mL). The solution is stirred overnight at 80°C. The mixture is cooled to RT,
concentrated under reduced pressure, diluted with EtOAc (300 mL), washed with
saturated aqueous NaHCO; (3 x 100 mL), brine (100 mL), dried over Na,SO,,

10 filtered and concentrated under reduced pressure. The crude mixture is purified by
flash chromatography (100% hexanes then 5% to 10% EtOAc in hexanes) to afford

methyl ester 15a2 as an oil that solidifies upon standing under high vacuum.

Step 2
15 (S)-(+)-1-methoxy-2-propylamine (1.47 g, 16.7 mmol) is added to a DMF (30 mL)

solution of fluoride 15a2 (3.30 g, 11.1 mmol) and potassium carbonate (2.28 g, 16.7
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Step 2 1a8 CF3 O COOH i NIN iN N-~-OWe 10440 Step 1: 5 Potassium
carbonate (650 nmg, 4.703 nmml) is added to a DMSO (15.0 m-) solution of
phenol 1088 208986607y, 1.906 nmol) and chl oropyri di ne 5&CT(CA2008m92101. 904
mmol ). The m xture is stirred at 80C for about 12 h, cooled to RT and
diluted with EtOAc. The organic phase is washed with agueous sat urated
sodi um bi carbonate, brine, dried over Na2SO4, fil te][ eddagd colncent rated
under reduced essure. The 10 cr residue is purifie col um

chr omat ogr apWP )33 EPRae 1 ﬁf'rmﬁgg oyenight capigd te R z@lutedwitmsatgetes 2:

Pyri di ne (40dqudous NaBIOTODRDO0 i ) add erdceepwilPOE Ak @x?OOSrﬁL)Ufl'hé’Bor%m@E“ l'ine

13al (433 15 ngd acid chloride 1a8 1 mol).

Thg m(xture P@ng'ﬁp?'ﬁﬁ%is argtwafﬁg% ftBPatG'f?‘?Hﬁqqer‘?uaNM\Ké eﬂrg%d'@)‘dl inet 0 RT and
concent r at ed(1tmodmr) dried 60 Na,SI0; SeFet anthntastdleteuhder fhdisel YR si. MO THF
(1:2) an is added. The mxture is stirred at RT

for abou Efé@% m"éﬂred? P@@%ﬁyﬁﬁsgaﬁr@mﬁogrmy (ARQfe hexanasdbem§¥o e @p%r at i ve
HPLC to af f OE®ADAhexaibs) & M@r@@@rﬂfeol@éﬁ‘b% dﬂ(BTI/ CA2008/ 002107 EXAMPLE 14A

Preparation of conpound 1046 CF3 COOve HO COOMe CI + Step 1 NN\ NO
/' N NNN,NI/ NH
Step 3:

Pd(PPhs),s (774 mg, 0.67 mmol) is added to a mixture of iodide 15a3 (2.46 g, 0.670
10 mmol) and tributylvinyltin (2.2 mL, 0.73 mmol) in DMF (30 mL). The mixture is
degassed by simultaneously bubbling Ar and sonicating the solution for about 15
min. The mixture is stirred at 110°C for about 2.5 h, cooled to RT, diluted with
saturated aqueous NaHCO; (200 mL) and extracted with EtOAc (2 x 200 mL). The
combined organic phases are washed with saturated aqueous NaHCO, (2x 100
15 mL), brine (100 mL), dried over Na,SO,, filtered and concentrated under reduced
pressure. The crude residue is purified by flash chromatography (100% hexanes

then 5% to 10% EtOAc in hexanes) to afford vinyl compound 15a4 as an oil.

Step 4:
20  Vinyl compound 15a4 (1.00 g, 3.75 mmol) is dissolved in a mixture of acetone/tert-

butanol/water (20 mL : 8 mL : 4 mL). The solution is cooled to 0°C, NMO (572 mg,
5.62 mmol) is added, followed by OsO, (2.5% in tert-butanol, 1.96 mL, 0.18 mmol).
The solution is stirred at 0°C for about 2 h, diluted with aqueous 10% sodium
thiosulphate (100 mL) and extracted with EtOAc (2 x 100 mL). The combined

25  organic phases are washed with aqueous 10% thiosulphate (100 mL), brine (2 x 100
mL), dried over Na,SO,, filtered and concentrated under reduced pressure to afford
the crude diol which is dissolved in THF (30 mL) and water (15 mL). This solution is
cooled to 0°C and NalO, is added (1.2 g, 5.6 mmol). The solution is stirred at 0°C for
about 4 h. The reaction mixture is diluted with saturated aqueous NaHCO; (100 mL)

30  and extracted with EtOAc (2 x 100 mL). The combined organic phases are washed
with aqueous saturated sodium bicarbonate (100 mL), brine (100 mL), dried over
Na,SO,, filtered, and concentrated under reduced pressure. The crude material is
purified by flash chromatography (100% hexanes then 5% to 20% EtOAc in
hexanes) to afford aldehyde 15a5 as an oil.

35
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10a2 H N 5b5 N 14a1 MO MOy Step 2 CF3 CF3 0 ~ COZH O ~ COZMe Step 3 N
NN\V%N/ -NN NON~Ov O C O-- N 1046 14a2 N 1046 14a2 Step 1: 5
Conmpound woatvweyener ated via a reacti on between conporadaARO@sAozred 5b5
using the procedure of Step 1, Exanple 13A. Step 2: Conpound 14al is
transforned to conpound 14a2 using the procedure of Step 5, 10 Exanple
11A. Step 3. To a solution of 14a2 (190 ng, 0.32 mml) in MCN dei oni zed
wat er is add gueous NaOH (0.32 nL, 1 M. This is stirred at RT for
about 96 h. ditional 15 anobunt of aqueous NaCH (0.64 nmL, 1 M is
added and t h@uifueis aicidi (A 68 ohly Ricommiod) ishddedad at@G3CMe@H (60 mabsalttidh®fh. A 1 M

HCl sol ution_i tar i dde t O til acidic o, 1. solution is

ot r oot od v SRORERERs (e Ead ot Wblied BEbdbustits MRS |,
brine, dri edO®osrmiarghy chhaals Tha2&Mon sistitred e °Crideaboutd intheraditited with
concentrated. A li ] o il 194 m i s..oht ai hed ich.s dissolved in
20 MeCN dei offiusgls 3@“04%’@() CoeothinL) %’:"i?x"éf%dlw'gh%f‘%@é‘nk@h%@- I;“R/F%{HE'ES%S NaCH
is added. Thgasiolpviesds dre wiablesd witimayabub Y 0%yIKIBIRO,i (2 xtI00m(); Rrirda@s) 1000 yi el d
1046. 77 VO |121E)0%/rlgg g\zé‘??NaF; {1,?ﬁ%l%%Ba/ngl%Zo%ggntra'tze)gbi%PdléFrle%ced pressure. The

crude phenol 15a6 is used directly in the next step without further purification.

10 Step 6:
Phenol 15a6 is transformed to triazole 15a7 using the procedure described in Step

1, Example 13A.

Step 7:
15  Amine 15a7 is transformed to compound 1047 using the procedure described in

Step 2, Example 13A.

Step 8:
Amine 15a7 is transformed to compound 1048 using the procedure described in

20  Step 4, Example 10A

EXAMPLE 16A
Preparation of compounds 1051 and 1052

o CO,H
& ﬂ { o ST
N
F N ~ N
AN N F N
/N\ l
NN 1051 / =N
W/} 1052
OMe H
25 OMe

To a solution of phenol 3a6 (701 mg, 1.66 mmol) and Cs,CO; (737 mg, 2.27 mmol)
in anhydrous DMSO (8 mL) is added chloropyridine 56a7 (397 mg, 1.51 mmol). The
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Preparation of conmpound 1047 and 1048 | CO2H |1 CO2Me | CO2Me F a F Step 1
F ~aF Step 2 15al 15a2 15a3 H ~-Owe Step 3 0 HO::, COW 1 COW CO2Me E |
H-OVe Oe woepoyd7674¢ /| H~ Me Step 4 F/ H__ Owe 15a6 15a6TAados/8twp 6 CF3
CF&IN O NI1OCOZMe NO- O NNNNF' N Step 7 NNF I N 15a7 H Ow ~Owe
1047 O Step 8 CF3 0 0" O/NCNF NCOW 10481 O Cl N5 Step 1:
Sul}‘;Jric aci d (1 m.) is added to a solution of acid 15al (5.00 g, 17.6

no in MeCOH 0 t I 0C. The

m xture is 58%‘1“ é’rﬁx{%'s STQ%%%Q% ?jaftggag’&tg y He%gjtljlgt\eé @ngﬁ?tgngdl luted with
(Et QAc (300 rsuypcessavslyanhshid mths\atexrmmmmemmw«r@@ (Bluged DESAYE. bri ne
100 m.), dr d aver A . e duced
pressure. 8‘?"{'}8@””{\%%5'?@ F%B'ﬁ?éﬁ ﬁggc’d%f;jMflﬁglgﬁ n{?r@t%ngﬁ%d@g%letﬁ?wO%
hexanes theresﬁ)/asleolﬁafé% Bhi©aster is rhdizsoiess)) intaol Hif (20rmdL)/Me®hy(10 ed) evixtursa2 as an

?Islg (- 8 marnBele o PLARILEH (G5 M B FRERHR oS TRe Fure gy p (5

stirred overnight before being acidified with AcOH, filtered, and injected onto a

preparative HPLC. The combined fractions are lyophilized and the solid is dissolved
in EtOAc. This organic solution is washed with 1 M NaOH (3x). The combined
aqueous fractions are acidified with 1 M HCI until ~pH 6 and extracted with EtOAc

10 (3x). The organics are dried over MgSO, and concentrated. The product is re-
dissolved in MeCN and water and lyophilized to afford 1051.

Step 2:
The coupling of phenol 3aé with pyridine 5b5 is performed as described previously in

15  Step 1, Example 16A. The saponification of the crude methyl ester (0.18 mmol) is
performed in MeOH (1 mL) with NaOH (1 M, 0.9 mL, 0.9 mmol). Following complete
conversion, the mixture is acidified with AcOH, filtered, then injected onto a
preparative HPLC to afford 1052.

20 EXAMPLE 17A

Preparation of compound 1054

HO COOMe
CF, 0 0 CO,H
cl = 0
= N [
| F Step 1 No =N

Ne N N F N
4 ll‘l /

=N

1054

Step 1:
To a solution of phenol 1a10 (1.96 g, 4.77 mmol) and Cs,CO;(1.83 g, 5.64 mmol) in

25 anhydrous DMSO (30 mL) is added pyridine 5b5 (1.20 g, 4.34 mmol). The resulting
mixture is stirred at 95°C overnight, then poured in water and extracted with Et,O
(3x). The combined organic fractions are concentrated under reduced pressure.
Following purification by combiflash (10% to 50% EtOAc in hex), the intermediate
methyl ester is isolated. This ester is redissolved in MeOH (2 mL) and an aqueous

30 NaOH solution (1 N, 2.34 mL, 2.34 mmol) is added. The mixture is stirred overnight
before being washed with Et,0, then acidified at 0°C with 1 M HCI and extracted with
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solution of fluoride 15a2 (3.30 g, 11.1 mmol ) and pot assi um car bonate (2. 28
g, 16.7 78 WO 2009/076747 PCT/ CA2008/ 002107 mmol). The m xture is stirred
at 90C owsonnghire74cool ed to RT, diluted with saturated Ppramgueus/hteCO3 (200
m-) and extracted with EtOAc (2 x 200 nL). The conbi ned organic phases
are washed with saturated aqueous NaHCO3 (2 x 100 niL), brine (100 m-)
dried over Na2SO4, filtered and concentrated under reduced pressure. The 5

crude m xturgA ricfi . r 0 hen 5% to
20% £t Onc | L7 EmEel ARt e PR B tled AR R 0 )
(774 mg, O. 6tTthatadX3>i)svita<kjmnarm |EHD Kib)rrsixtnrfe ida'mtbued redeCland6vager add670 10
nmol ) and trj byt V|n in DM (30 mL). The mxture
is degassedI %@L}"I qgéﬁagﬁhﬁs& I r'?égﬂ and soni cating the solution for
about 15 nin. The mxture is stirred at 110C for about 2.5 h, cooled to
RT, diluted t urat ed aqueous NaHCO3 (200 m -) and extract ed with

Et OAC (2 & 2 conbi ned organi ¢ phases are washed with saturated
aqueous Nchmp@?atmnl&(bompmﬁd 1689 ne (100 nl), dried over Na2SO4, filtered
and concentrated under reduced pressure. The crude residue is purified by
flash chromat ography (100% hexanes then 5%to 10% Et CAc in hexanes) to

afford vinyl compound 15a4 as an oil. Step 4 CI—ZO \/ i nyl conpound 15a4 (1.00
g, 3.75 mmol) i i Ofen a m xture of ac Omt anol / wat er (20
m: 8 nL: 4 .Tﬁi{s’ﬁgjﬁ onis cogled to ,562mm|)|s
added, follo y 0 %)Men t@(@,h but angt”, / 96 ommol) The

solution is stirred @&f or about h, diduted wt gous 10% sodi um

t hi osul phate (1044 d extracted Wlth Et OAgaz2( 2 m_) The conbi ned
25 organi c phases ar'e hed with aqueous 10% t hi osutphate (100 nl), brine

pressure to afford the crude diol which is dissekwed in THE (30 m-) and
water (15 mL). This solution is cooled to OC apd NalO4 is added (1.2 g,
5.6 mml ). The solution is stirred at 0C for about 4 h. The reaction
mxture is diluted with saturated aqueous NaHCO3 (3100 m.) 30 and extracted

(2 x 100 nL), dried over Na2SO4, filtered and Eoncentrat ed under reduced

with EtOAc (2 x 100 nlL). The conbi ned orgahic p aFeriashed  with
aqueous saturated sodi um bi carbonate (100 , _RArine 0 ﬂé‘re dried over
O¥t ude

material is 1059 o

Na2SO4, filtered, and concentrated under reduced pressure.NT

Step 1:
10 Vinyl compound 18a1 (prepared according to the same procedure described in Step

2, Example 25A) is transformed to aldehyde 18a2 using the procedure in Step 4,
Example 15A.

Step 2:

15  To a solution of aldehyde 18a2 (60 mg, 0.11 mmol) in DCM (1 mL) is sequentially
added morpholine (34 uL, 0.56 mmol), a solution of HCI (4 M in dioxane, 28 uL, 0.11
mmol) and NaBH(OACc); (47 mg, 0.22 mmol). The reaction is stirred at RT, then
concentrated to dryness. The mixture is re-dissolved in MeOH (1 mL) and NaOH (10
N, 0.1 mL, 1 mmol) is added. When complete, the reaction is neutralized with AcOH

20  and injected onto the preparative HPLC to isolate 1059.

EXAMPLE 19A

Preparation of compound 1060
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purified by flash chromat ography (100% hexanes then 5% to 20% Et OAc in
hexanes) to afford al dehyde 15a5 as an oil. 35 79 WD 2009/ 076747

PCT/ CA20080Q0®1006747St ep 5: Sul furic acid (0.162 nL, 2.6pamdAroészozdded to a
0C MeOH (10 m -) solution of aldehyde 15a5 (500 ng, 1.86 nmol), followed
by aqueous 30% hydrogen peroxide (0.295 nL, 2.6 mmol). The solution is
stirred at OC for about 1 h then diluted with 5 aqueous 10% KH2PO4 (50 nl)
and extracted pith et&er (2 x 100 nL). The conbi ned organic phases are
washed with aq ous 1 /0@42PO4 (2 x 100 nL), brine (2 x 100 nL), dried
over Na2SO4, er pl d concentrated under reduced pressure. The crude

phenol 15a6 i ixNectly in the nektF step (i t hout further purification.

10 Step 6: Phenol 15a6 is t nsforrred tr| Mig the procedure

described in Step3€1l, Exanple 15 A j@é s transforned to
u?‘@”descr i St'ep2, ¢ 13A. Step

conpound 1047,41Si ug tb&vepr oC
8: Ami ne 15a7 i3 ansfor to conpound 1048 Wi Ng the prqcedure descri bed
in 20 Step 4, -m Q‘QN/ EXAMPLE 16A Prepar ation ;%VCO nds 1051 and

1052 CFj HOCOOVEOFH *0/ C < NN\ NF &o/ON VN d Sal \ 5b5 Step
13a65tep2\\+1~’(a,1‘t3CF3 H\O/rcozoorveoooz 128

1060 19a2

Step 1:
Compound 19a1 is generated via a reaction between compounds 5a6é and 15a6

5  using the procedure of Step 1, Example 16A.

Step 2:
In a microwave tube, the intermediate 19a1 (75 mg, 0.14 mmol) is dissolved in

pyridine (1 mL) and a solution of acid chloride 1a8 (2 M in DCE, 0.5 mL, 0.90 mmol)
10 is then added followed by a catalytic amount of DMAP (7 mg, 56 umol). The tube is
sealed and put in microwave at 150°C for 20 min. The mixture is diluted in EtOAc
and washed with water (2x) and brine (1x). The combined organics are dried over
MgSOQ,, filtered and concentrated. The crude residue is purified by flash
chromatography (5% to 70% EtOAc in hex) to afford 19a2.
15
Step 3:
Methyl ester 19a2 (16 mg, 24 umol) is dissolved in a 2:1 THF/MeOH mixture (0.5
mL) and an aqueous NaOH solution (1.0 M, 25 uL, 25 umol) is then added. The
reaction is stirred at RT, diluted in water and the aqueous layer is washed with Et,O
20  (2x) to remove organic impurities. The aqueous fraction is lyophilized and the

compound 1060 is isolated as its sodium salt.
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iNF\ NO N iNN NFN Nv 1051 1052 0 Owe 25 O Step 1: To a

sol ution of phenol 3a6 (701 ng, 1.66 mmol) and Cs2CO3 (737 ny, 2.27 mol)
i n anhydrwo0®M3&74¢8 nm) is added chl oropyridi ne 5a7 (3®CTrap20d8/06110mol ) .
The 80 WD 2009/ 076747 PCT/ CA2008/ 002107 resulting mxture is stirred at
80C for about 2 h, then diluted with EtOAc and successively washed with
wat er, brine and concentrated under reduced pressure. Follow ng
purification by conbiflash (15% Et OAc in hex), the internedi ate nethyl
ester is isolated. gis ester is redissolved in a THE (20 nL)/ MeOH (10 nl)
m xture 5 a 5&§ ous NaOH solution (10 N, 0.8 nL, 8.0 mml) is added.
The m xt ur e Prepafdtionsftonvigouridytae1bef ore being acidified with AcOH,
filtered, and injected onto a preparative HPLC. The conbined fractions are
| yophilized and the solid is dissolved in EtOAc. This organic solution is
washed with 1 M NaCH (3x%f. The conbi ned aqueéus fractl ons are acidified

with 1 MHC until -pH Pt ed with The organics are
dried over MgSO4 and ¢ nt The_psodust N s o ssol ved in MeCN and
wat er and | yophilized| to affor

d j10 ¥rep 2: The cou of phenol 3a6
with pyridine 5b5 is perfcnaarred‘

]

f | re\naousl 15 Step 1,
Exanpl e 16A. The saponificati on~e thé cr nmet hyl er (0 18 mml) IS
performed in MeCH (1 m.) with Na@ (1 M 0.9 ni, 09|¢m)l) Fol | owi ng
conplete conversion, the mxture is acidified wth AcOH, filtered, then
injected onto a preparative HPLC to afford 1052 % EXAMPLE 17A
Preparation of conmpound 1054 COOMe CF3 CFHO 20 C

CF,
CO H

/ *@

1061

OM
5 Stept:
In a microwave tube, the chloride 9a3 (60 mg, 0.10 mmol) is dissolved in degassed
DMF (2 mL, degassed by bubbling Ar while sonicating for about 10 min). 2-
(tributylstannyl)pyridine (92 mg, 0.25 mmol) and Pd(PPh;), catalyst (12 mg, 10 pmol)
are then added. The mixture is further degassed and the tube is sealed and put in
10  microwave at 120°C for 20 min. The mixture is diluted in EtOAc and washed with
water (2x) and brine (2x). The combined organics are dried over MgSO,, filtered and
concentrated. The crude residue is purified by flash chromatography (25% to 75%
EtOAc in hex) to afford 20a1. -

15  Step 2.
The intermediate 20a1 (35 mg, 0.055 mmol) is dissolved in a THF (3 mL)/MeOH (0.5

mL)/H,O (0.5 mL) mixture and an aqueous NaOH solution (10 N, 27uL, 0.27 mmol)
is added. When complete, the reaction is neutralized with AcOH and injected onto
the preparative HPLC to isolate 1061.

20
EXAMPLE 21A

Preparation of compound 1072
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F\ NStep 1 N I iN\ \N+ NF NOw O OW Ow 5b5 1al0 1054 Step 1:
To a solution of phenol 1 al0 (1.96 g, 4.77 mol) and Cs2CO3 (1.83 g, 5.64
nmol ) i n waRoemitgdrous DVSO (30 nL) is added pyridi ne 5PET(CA22@/092104. 34
mmol ). The resulting mxture is stirred at 95C overni ght, then poured in
wat er and extracted with Et20 (3x). The conbi ned organic fractions are
concentrated under reduced pressure. Follow ng purification by conbiflash
(10%to 50% Et CAc i n hex), the intermediate nethyl ester is isolated. This

ester is redissol ved i yo and an aqueous %0 NaCOH solution (1 N,
2.34 nm, 2.34 mmol) A ded xturels stirr | ht before
bei ng washed Wiy thén aci d iowdsal OG. F d extracted

with 81 WO 200 »076747'5 PCT/ CAéCfOS/ 002107 @,Lb% (4X) .zuTh€ cOMbi ned
fractions are dried and concentrated. The product is triturated (3x) with
a pentane / Et20 (3:1) m xture, dissolved in I\/ECN and St er and

| yophilized to afford 1054 as the sodiumsalt. LE 18A Preparation of
conmpound 1059 CF& N CEg3 OCOC]VENOCOC]VE&lNI --Oe Step 1 NO O
0 18al 18a2 Step 2 30 0 0:coly CZH  N-~- OVe COMe
| - Ne
SN N N{ seps ¢ ) OMe
rxll O% Me =N 21a2
1072
Step 1:

Compound 21a1 is generated via a reaction between compounds 5b5 and 15a6

5  using the procedure of Step 1, Example 13A.

Step 2:
Compound 21a1 is transformed to compound 21a2 using the procedure of Step 5,

Example 11A.
10
Step 3:
Compound 21a2 is transformed to compound 1072 using the procedure of Step 3,
Example 14A.

85



Step 1: 10 Vinyl conpound 18al (prepared according to the sane procedure
described in Step 2, Exanple 25A) is transformed to al dehyde 18a2 using

t he procewoneowate@Brep 4, Exanple 15A. Step 2: 15 To a ®alruta2oees/otioal dehyde
18a2 (60 ng, 0.11 mml) in DCM (1 nL) is sequentially added norpholine (34
L, 0.56 mmol), a solution of HCl (4 Min dioxane, 28 L, 0.11 nmvol) and
NaBH( QAc)3 (47 ng, 0.22 nmmmol ). The reaction is stirred at RT, then

concentr at ed%& Q%Qﬁis The m xture is re-dissolved in MeOH (1 nL) and
NaOH (10 N T mmol ) is added. When conplete, the reaction is
neutral i zed WreparAtiGhiofGompdundj1e82ed onto the preparative HPLC to isolate

1059. EXAMPLE_19A Pregar ati o% (9% conpound 1060 82 WO 2009/ 076747
PCT/ CA2008/ 002107, F F f F F CF3 0 eY coomd Step 1 ~FQwe 19al
ci F\ NH \tep*2L orA,eCOZHOSt p3 F
N4\ ~Ove O O 19a2 '0 10 0 Ste'()bll
22a1
Cl o}
Step 2 J F
1d8
Br
CF, GFs
O CO,H | O COOMe
I _N . N‘<:0Me Step 3 _N - N{OMe
o OMe o OMe
1082
F 2222 F
Br Br
5 Step1:

Compound 22a1 is generated via the reaction of compound 1a6 and 2-fluoro-3-
trifluoromethylpyridine using the procedures of Steps 2 and 3, Example 8A.

Step 2:
10 Ina 25 mL flask is added 22a1 (60 mg, 0.14 mmol), pyridine (0.25 mL, 3.1 mmol),

acylchloride 1d8 (99 mg, 0.42 mmol) and DMAP (5.1 mg, 0.04 mmol). This mixture is
heated to 150°C for about 4 h and then cooled and stirred at RT for about 65 h. This
is quenched with NaHCO; (saturated), extracted with DCM (3x), passed through a
phase separator and concentrated under reduced pressure to obtain crude product

15 22a2 which is employed in the subsequent step without further purification.

Step 3:
Compound 22a2 is dissolved in THF/MeOH/H,O (2:1:1 mL), NaOH (10 M, 0.07 mL)

is added and the reaction is stirred for about 36 h at RT. A minimum amount of

20 aqueous AcOH is added to neutralize the solution and the solvent is evaporated.
Purification by preparative HPLC affords compound 1082 as a white lyophilized
solid.
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Compound 19al is generated via a reaction between conpounds 5a6 and 15a6 5
using the procedure of Step 1, Exanple 16A. Step 2: In a mcrowave tube,

t he i nt erwedo@igeM9al (75 ny, 0.14 mol) is dissolved i RCTARD@I00ZI0( 1 nl)
and a solution of acid chloride 1a8 (2 Min DCE, 0.5 nm, 0.90 nmol) 10 is
then added foll owed by a catal ytic amount of DVMAP (7 ng, 56 pnol). The tube
is sealed and put in mcrowave at 150C for 20 min. The mxture is diluted
in EtOCAc  angl \ \/W%EZ with water (2x) and brine (Ix). The conbi ned organics
are dried over , filtered and concentrated. The crude residue is
purified by Plepatationtofoompaymesih09R3mdt19930% Et OAc in hex) to afford 19a2.
15 Step 3: Methyl qesker 19a2 (16 ng, 24 pnol) is dissglved in a 2:1

THF/ MeOH mi xture (0F5 nl)Br@ngd~g O%{’&]ueous Na O ?08'\r"1e§1.0 M 25 L, 25
nol) is then added# aly) Weirred at gi_Q '"€d in water and

t he aqueous |ayer 4s’)washed™with HEt Q2 8er(2x) to re Ve_gf.gani c inpurities.
The aqueous fractiof is |yophi't% zed and the % 60 is isolated as
its sodiumsalt. 83 WD 2009/ 076747 PCT/ CA2008/ 62107 MPLE 20A
Preparation of conffound 1061 CF CF3 0 COOVe 0 COOMe O W® N Step 1 N Cl
9a36N20a1C]VEOVEIStep2 CF3 0 CO2H O iN N s

Step 2 =

COH /N\N . N
:@[ OMe <§’ 5b5
N\ NS N F
o

Me

1083 \ COOMe
. Step 3 :@[ OMe
+ a < )~ X N F
OMe

<l
=N

COH 23a2 / \
jiji OMe —
Xy N F cl
OMe

1092 7 \

Cl

5 Step1:
Compounds 1¢8 and 1a6 are reacted using the procedure in Step 2, Example 19A.

The deprotection of the benzyl ether is performed employing the same procedure as
that in Step 2, Example 8A to produce compound 23a1.

10 Steps 2 and 3:
To a solution of phenol (50 mg, 0.12 mmol) in DMSO (1 mL) is added CsCO; (57

mg, 0.18 mmol) followed by chloropyridine 5b5 (90 mg, 0.33 mmol). This is stirred at
105°C for about 18 h, then cooled to RT. MeOH (1 mL), NaOH (1 eq, 1 M in water)
and LiOH (1 eq) are added and this is stirred for about 4 h at RT. The mixture is then

15  concentrated, diluted in AcOH (4 mL) and purified by preparative HPLC. The
fractions are combined and solvent is removed by lyophilization to yield two
products, 1093 and 1092.
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N)O -1 1061 = O 5 Step 1: In a mcrowave tube, the chloride 9a3 (60
nmg, 0.10 nmmmol) is dissolved in degassed DWMF (2 nlL, degassed by bubbling Ar
whi | e somwoanewgefsor about 10 min). 2- (tributyl stannyl pPpyrdadioseot®2 ng,
0.25 mml) and Pd(PPh3)4 catalyst (12 ng, 10 nol) are then added. The

m xture is further degassed and the tube is sealed and put in 10 m crowave
at 120C for 20 min. The mxture is diluted in Et OAc and washed with water
(2x) and brine (2x). The conbi ned organics are dried over MgpSO4, filtered
and concentrated. The crude residue is purified by flash chromatography
(25% to 75% EXAMPAE 24A hex) to afford 20al. 15 Step 2: The internedi ate 20al
(35 ng, 0.05 di ssol v 'naTHE(3 m.)/MeOH (0.5 nlL)/H20 (0.5
m.) m xture g’fﬁ?agﬁﬁ ?if ‘NH@F% ution (10 N, 27L, 0.27 nmol) is added.
When conpl et e <?Q§>Mf€t| on i snoNeM r apavzed W t h AcOM-and <fVegied onto the
preparative HPLC tlo i sol at—e+1061 %@ LE-21A Prepa [ of conpound
1072 84 WD 2009/ U076V PCFPCA20087007 omCF3steer HO COZMe § ®wczZMe NO S
N+F, NNHOw28ep | N NF N5b€116a6 N H-Ow Nlal 1 Step 2 CF3

CF3
COOMe
\@ Step 4 é \/é( COOMe e
o2 @[ e
/J::::Ijl§ OMe

2424 24a3

Br F

5 Step1:
Compound 2a1 is transformed to compound 24a1 using the procedure in Steps 4

and 5, Example 1A.

Step 2:
10  Compound 24a1 is transformed to compound 24a2 using the procedure in Step 8§,

Example 1A.

Step 3:
Compounds 24a2 and 5a6 are combined to form compound 24a3 using the

15  procedure in Step 3, Example 8A.

Steps 4 and 5:
Compound 24a3 is transformed to 24a4 and thereafter to compound 1094 using the
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O~CxxkHO " /COZMe N~ INFI NNNFNOW step 3 ~-NO~Ow N 1072 O
21a2 Step 1. Conpound 2lal is generated via a reaction between conpounds
5b5 and Ms@&o0%7emi7TNg the procedure of Step 1, Exanpl e P8ACASH@SHO2L07
Compound 21al is transforned to conpound 21a2 using the procedure of Step
5, Example 11A. 10 Step 3: Compound 21a2 is transformed to conpound 1072
using the procedure of Step 3, Exanple 14A. 85 WD 2009/ 076747

PCT/ CA2008/ 002107 EXAMPLE22A Pre ar atl n of conpound 1082 CF3 BnO / COOwe

&XqOMe F + Rroegdu in13igrss and él\EX 2Rt 'epPeLtirelY-1d8 Br CF3 CF3 \ O/
CCPH ~COMe  OMe Step 3 NOVe Ove O 1082F22a2FBr Br 5 Step 1
EXAMPLE 25A

Preparation of compound 1099

o COOMe COOMe
N 5a3 j@[
o
N o,
Step 1
0
1a10 ) 252t

CH,
Step 2 ‘

o, L,
jij[ X COOMe/
N - o
N N o
Step3 AN
0
1099 2522
“CH,

CH,

Step 1:
To a solution of phenol 1a10 (400 mg, 0.97 mmol) in DMSO (5 mL) is added CsCO;

10 (474 mg, 1.4 mmol) and chloropyridine 5a3 (430 mg, 1.40 mmol). The solution is
stirred at 75°C for about 4 h and then washed with water and brine. The solution is
then dried over anhydrous Na,SO,, filtered under vacuum and concentrated under
reduced pressure. Purification by flash chromatography using (20:80 to 60:40)
EtOAc/Hex yields 25a1.

15
Step 2:

To a solution of iodide 25a1 (370 mg, 0.54 mmol) in dioxane (4 mL) is added
tributyl(vinyl)tin (0.2 mL, 0.69 mmol) at RT. Argon is bubbled through the solution
followed by the addition of dichloro-bis(triphenylphosphine)palladium (42 mg, 0.06

20 mmol). The reaction mixture is heated at reflux for about 1 h; then concentrated and

purified by flash chromatography using (10:90 to 70:30) EtOAc/Hex to obtain 25a2.

Step 3:
To a solution of olefin 25a2 (40 mg, 0.07 mmol) in DMF (1 mL) is added

25  bromopyridine (18 mg, 0.10 mmol), TBABr (35 mg, 0.21 mmol), EtzN (0.014 mL, 0.10
89



Compound 22al is generated via the reaction of conpound l1a6 and 2-fl uoro- 3-
trifluoronethyl pyridine using the procedures of Steps 2 and 3, Exanple 8A
Step 2: MWolmosw7eB7nL flask is added 22al (60 ng, 0.14 mrODIQA20q8y0021B7 Nne
(0.25 nmL, 3.1 mmol ), acylchioride 1d8 (99 ng, 0.42 mmol) and DVAP (5.1 ng,
0.04 mmol ). This mxture is heated to 150C for about 4 h and then cool ed
and stirred at RT for about 65 h. This 1is quenched wth NaHCO3
(saturated), racte

i th DCM (.3x), d th . _phase s ator and
concentr at edmﬁ{?hearndrp@ﬁﬁw@a BF @%es{}r%@og'gﬁig]nﬁobc?rt&g'g hfﬂa‘fsda g@ ec%’:t 1%92[[2'%i ch
is enpl gygg iZha_miblgmu@l&ﬂqgemh ft_ﬂi_tog}eﬁlgyﬂwbﬁgﬁg étgmt)?@(oilwatﬁ)ffér(miohbgﬁ h. 'EBt0e6873:
Co a2 i i ssolved in o R .

) 'S adaEAC M ERL® e P VU G oot Gy DA oKk TRROISRR, i rum
aml)unt of 20Ia9é]’s%®¢16%rﬁlci&bﬂ,ivﬁsﬁddieﬁh being) elitd @l/érzzatnhw}reugmbmd)‘?ﬂltﬁéd ubdier ;
vent is evapor at ed. ri n rative ords conpoun
T085 as B whyaa s onpeiated JRF2 T VBDBRA R A A WS bt D 0o
EXAI\/PLE. 23A &lj)epabadédandhen tipRWifed 1 2Boatmat HLAIRT. QtheGes8toNENixtBRQs) O~OC0Ve
?]?/ENI +5b,'5' {: N&%gﬁm\%Gﬁgo%n%n@gr}ﬁe%cb% pcr:clepa(%gt?ve%PLétﬁ% f?ac%r?s g'emZH CANN

combined and solvent is removed by lyophilization to yield 1099.

10 EXAMPLE 26A

Preparation of compound 1102

CF,
o} COOMe
o L s I
i

~N o~ o}

! F N/C/o + N Z T P N/Co
N | Step 1 ~Z N

Y =N ! 0
=N 26a2
25a1

B Step 2 CH,

CF,
X OKICOZH ,
&)
AL
= F N o
A
0

1102

15  Step 0:
In a microwave tube containing DMF (2 mL) is added 2-bromo-6-methylpyridine (300
mg, 1.74 mmol), trimethylsilylacetylene (257 mg, 2.62 mmol), Cul (33 mg, 0.17
mmol), Pd(PPhs)4 (201 mg, 0.17 mmol) and Et;N (1.2 mL). The tube is sealed and
placed in microwave for 10 min at 120°C. The mixture is then diluted with EtOAc,

20  washed with water and brine, dried over Na,SO,, filtered and concentrated. The
crude residue is purified by flash chromatography (Hex / EtOAc, 20% to 80%) to
afford pyridine 26a1.
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N 1093 0/ COOM Step 3 O + C NONNF\ N~ O CF'NO 0 CO2H
2322 NF\ OV C1 O Ow 1092 NCI 5 Step 1. Conpounds 1c8 and la6 are
react ed wsorgo%die7spr ocedure in Step 2, Exanple 19A. Thecuamoedsaorioon of

t he benzyl ether is perforned enploying the sane procedure as that in Step
2, Exanple 8A to produce conpound 23al. 10 Steps 2 and 3: To a solution of
phenol (50 ng, 0.12 mml) in DMSO (1 m-) is added CsCO3 (57 ny, 0.18
mol ) followed by chloropyridine 5b5 (90 ng, 0.33 mmol ). This is stirred at
105C for about 18 h, then cooled to RT. MeOH (1 nL), NaCH (1 eq, 1 Min
water) and BtegH:(1 eq) are added and this is stirred for about 4 h at RI.

The m xture th concepntr d, diluted in 4 and urified
by preparati :}-8 alﬁ%on?ﬁ@&y'?ergéap%ﬁyga:a18&%‘)%90§?"®I'%%d TsB/’r noved by
| yophi l'i zat i 18 eLytt @4 Soltitign in THFY UCR. Tﬂ;@%stam f&%ut&? nMth?&QS&uQZGM?

PCT/ CA2008/ 0 10 EXAVBELE 24A Preparation of E’goun 1094 BnO / COOMe BnO

/ COOVEOME ) 39 &SRR, GUNARICTI - 89P mm@')s by ® OGJWLHDG\BWD’&M 24a1
24a2 F F CF3 P@{PP@&@ 83nd, 0908 rhmbl) Blre added at RT. This mixture is stirred at 120°C in

the microwave for 12 min. The reaction mixture is quenched with water and

extracted with EtOAc (3x). The organic layers are combined, washed with brine,

dried over anhydrous Na,SO,, filtered under vacuum and concentrated. Purification
10 by flash chromatography using (40:60 to 90:10) EtOAc/Hex affords 26a2.

Step 2:
Compound 26a2 is dissolved in MeOH, Pd/C (10% w/w, 33 mg) is added and the
mixture is purged with H, (3x). The mixture is stirred under a H, atmosphere

15 (balloon) for about 1 h, filtered and concentrated under reduced pressure. The
residue is dissolved in MeOH and NaOH (1 M in water, 1 mL) is added followed by
LiOH (3 eq). This mixture is stirred at RT for 2 h, concentrated, dissolved in AcOH (2
mL) and purified by preparative HPLC. The fractions are combined and solvent is
removed by lyophilization to yield compound 1102.

20
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FFCF3 5a6 0 COO\ FFCF&ENG | ~Me Step 4 O/ | COOveOVve N Owve N 24a4
O H-OWw 24a3 Br F Step 5 FF CFOCO2H O N\ N -Come 1094 0 Br F 5 Step
1: Conpouwd 28@10768t7t r ansf or med to conpound 24al usi ng t reTarAQ@HOL®7 I N

Steps 4 and 5, Exanple 1A. Step 2: 10 Conpound 24al is transforned to

conpound 24a2 using the procedure in Step 8, Exanple 1A, Step 3: Conpounds
24a2 and 5a6 are conbined to form conpound 24a3 using the 15 procedure in
Step 3, Exanple 8A gdeps 4 and 5: Conpound 24a3 is transforned to 24a4 and
thereafter t 1094 using the 88 WD 2009/076747 PCT/ CA2008/ 002107

procedure mp.%par:a.o% Mnﬁﬁ’po@@m@ 22A, respectivel y EXAMPLE25A
Preparati on of corrpound 1099 CF3 C CQF3 HO COOwe COOM OINDbBa3 \ / O

FNOI NF\ N- /@/
COOMe /é( : :COOMe
/b Step1 27a1 (kjb

& OMe
AN Step 2

=N

6Me

=N
27a3

l Step 4
3

0 COH
N
X X F N
” @
OMe

CF.

1104

Step 1:
Compound 3a6 is transformed to compound 27a1 using the procedure in Step 1,

5 Example 13A.

Step 2:
A mixture of iodide 27a1 (90 mg, 0.13 mmol), ethylnylpyridine (27 mg, 0.26 mmol),

Cul (2.5 mg, 0.013 mmol), Pd(PPhz)4 (15 mg, 0.013 mmol) and Et;N (0.09 mL, 0.7

mmol) in degassed DMF is heated in a microwave at 120°C for 20 min. This mixture
10  is dissolved in EtOAc (50 mL), washed with water and brine, dried (MgSQ,) and

concentrated. Purification by flash chromatography (1/2 then 1/1 EtOAc/Hex) yields

27a2 as pale yellow foam.

92



Step 1 OO 1al0 25a1 CH3 CH3 Step 2 CF3 CF3 0/ | CO2ZHO ~CNgr \ O
az, coOv/ V' \ INFNOE\ I NO N Step 3 FNCOO 0 1099 25a2 CH3 CH3
Step 1. ™woaomal7ets7on of phenol 1al0 (400 ngy, 0.97 nmol pCrrcARMBOLH7M -) isS
added CsC03 10 (474 mg, 1.4 mmol) and chloropyridine 5a3 (430 ng, 1.40
mmol ). The solution is stirred at 75C for about 4 h and then washed wth
wat er and brine. The solution is then dried over anhydrous Na2SO4,
filtered under vacuum and concentrated under reduced pressure.

Purificati or§158qlash chromat ography using (20:80 to 60:40) Et OAc/ Hex

yi el ds 25al.1ole BikgRe E?aﬂ@roan%Cdmmﬁrbl)Qﬁ MeQH Zﬁabdﬁéﬂ@d/@catﬂym mrml) in
di oxane (4 m-) is add tri

|
Argon is butiPo@‘)édN/WhYQ)U@PlV‘@WB '%WPUW@VIﬁSe'?%?q’ Witk a 1%93'&{5‘2&881-%?&&8*5 5
di chl or o- bi S’r{t'fﬂeoc_k,‘a%l#tﬁ’ehﬁl&% Mtﬂ@'rés?&ué#g‘céﬂc?enﬁﬁted% QBnéss. MY drudd he

reaction mxture 1s heated at reflux for about 1 h; then concentrated and
puri fi ed5by Hrpdish 2¢ad isreriaigd aphemaloyag) inthe sgpseayentgeagipn mittpel fldhert o obt ai n
25a2 StepépzI gé} oft. solution of olefin 25a2 (40 nmg, 0.07 nmol) in DVF (1

-) is add B 'brormpyrldl ne (18 ng, 0.10 mml), TBABr (35 ny, 0.21
rrrml) Et 3N (0.014 nmL, 0.10 89 WO 2009/076747 PCT/ CA2008/ 002107 rmmol) and
pal | adi um acg{&tzpf (1. 5 nmg, 0.007 mmol) at RT. This is stirred at 120C in

To the solution of the ester 27a3 (68 mg, 0.10 mmol) dissolved in DMSO (2 mL),
10 MeOH (1 mL) and water (0.3 mL) is added at RT an aqueous solution of NaOH (10

N, 0.06 mL). This is stirred at RT for about 5 h and then maintained at 0°C

overnight. The reaction is quenched with aqueous TFA and purified by preparative

HPLC. The fractions are combined and lyophlized to yield 1104.

15  EXAMPLE 28A

Preparation of compound 1105

COOMe

COOMe
S . or= Cﬂ
10a2

28a1

Step 2

COM CO,Me
pie Step 3 \(:[
gt
OMe
OMe
(@]
28a3 28a2

CO,Me
& C[ Step 5 \@
0 N O
N OMe
\ 0 \ N
28ad 1105
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the mcrowave for 10 mn followed by heating at 140C (oil bath) for about
16 h. The reaction mxture is quenched with water and extracted wth EtOAc
(3x). Thewongemi7’c747] ayers are conbi ned, washed wi th bri reT/a2oshopmwer
anhydrous Na2SO4, filtered under 5 vacuum and concentrated. THE (2 nl),
MeOH (1 m-) and NaOH (1 Min water, 5 eq) are added and then this is
stirred for about 14 h at RT. The reaction mxture is diluted with AcOH (1
m.) and puri 1( d1_by preparative HPLC. The fractions are conbined and
solvent isr d by lyophilization to yield 1099. 10 EXAMPLE 26A

Preparati on Gbmpoumb28all i& beReBted thidugh & re6EidnIf eBmBotid f042 ViEpOMe 0 COOME
iNF\lN’*OFI’NN | N 26a2 25al CH3 26al Step 2

/| . FENStep,1 00_I O
cH3 CF3 0 cBYPPoYn iﬁ%ﬁb@g_t%‘ﬁprq;edyre,q?§ﬁpz1,@1§mpﬁ1%.ep 0: In a nicrowave
tube containing DMF (2 nL) is added 2-brono-6-nethyl pyridine (300 ng, 1.74

mol ), trine | silylacetyl ene (257 ng, 2.62 mmol), Cul (33 ngy, 0.17
mml ), Pd(P (201 ng, 0.17 mmol) and Et3N (1.2 nlL). The tube is seal ed

and placed ComBbEAdTEMEs traRsfandH 1B BpbaRi2sdEsing theWréeddsird fteftell) Ut ed
W th Et OAc, Om\%sq?g with water and brpi%ne, dri edﬁgove;{]r Na2SO4, fléjt ered and
X e .

concentrat ed®

Step 3:
10 A mixture of iodide 28a2 (500 mg, 0.79 mmol), benzyl acrylate (1.3 g, 7.9 mmol),

Pd(OAc); (50 mg, 0.23 mmol), Et;N (5.0 mL) and MeCN (20 mL) is stirred at 60°C in

a sealed tube for about 4 h. The reaction mixture is cooled to RT, filtered and

concentrated. Purification by flash chromatography (7:3 to 1:1 Hex:EtOAc) affords an

oil which is taken up in EtOH (20 mL). Pd/C (10%, 50 mg) is added and then stirred
15 under H, for about 30 min. The reaction mixture is filtered on Celite® and

concentrated to give 28a3 as a white foam.

Steps 4 and 5:
To the acid 28a3 (50 mg, 0.09 mmol) in DMF (2.0 mL) is added Et;N (0.06 mL, 0.4

20 mmol), and HATU (40 mg, 0.11 mmol). The reaction is stirred for about 10 min; then
amidooxime (8.8 mg, 0.09 mmol) is added and stirring is continued for about 2 h.
The reaction mixture is poured into Et,O, washed with H,0O (3x), saturated NH,CI
(1x), dried over MgSOQ,, filtered and concentrated in vacuo. The residue is
redissolved THF (3 mL); TBAF (0.1 mL, 1.0 M solution in THF) is then added and

25  this is stirred for about 1 h at 45°C. The mixture is concentrated in vacuo and the
residue is then taken up in DMSO (2 mL). Aqueous NaOH (1 M, 1 mL) is added and
the solution is stirred at RT for about 1 h. AcOH is added and purification by
preparative HPLC, followed by lyophilization affords compound 1105.
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crude residue is purified by flash chromatography (Hex / EtQAc, 20%to 80%
to afford pyridine 26al. 90 WD 2009/ 076747 PCT/ CA2008/ 002107 Step 1: To a
sol uti on wo 20é%y6m726al (33 ng, 0.18 mmol) in DMF (1 nlipcCraAzoakad2iDBAF
(0.18 nL, 1 Msolution in THF) at RT. This is stirred for about 10 mn,
then iodide 5 25al (40 ng, 0.06 mml), Cul (1.1 ng, 0.006 nmol), Et3N
(0.04 m., 0.3 mml) and Pd(PPh3)4 (6.8 ng, 0.006 nmol) are added at RT.
This m xture is stirred at 120C in the mcrowave for 12 mn. The reaction
m xture is quenched with water and extracted with Et OAc (3x). The organic
| ayers are EWMPREAIA washed with brine, dried over anhydrous Na2SO4,
filtered un ated. Purification 10 by fl ash
chr omat ogragﬁ%p%%?ﬁgrggggﬁg%g?gqgg?lo) Et OAc/ Hex afforng 26a2. Step 2:
Conpound 26a2 is dicssol v in_MeghvePd/ C (10% W w, 33 rfgg i's agddeg. and the
n

m xture is purged wth H The—A¥xture s StNrr H2 —~OMe
at nosphere 15\|balilo n)+for k h, fi Lt%fare @ en d (under
reduced presshires: e residue is di-sS¥ ved in MeOH and i\laC]-I (ﬂ MNPMRat er

1 nl) is added fahlowed by LiQ2(3 eq). This mixture is<&tifred at RT for
2 h, concentrated, dissolved in AcOH (2 nlL) and purifi eelpby{ preparative
HPLC. The fractions are conbi ned and solvent is renoved by tyophilization
to yield compound 1102. 20 91 WD 2009/ 076747 PCT/ CA20§8/ 002107 EXAMPLE 27A

Preparation of conpoffd 1104 %314 CF3 C HO :aN \6 cOoMe | / | O
Fl\NF\N(ﬁr\lj5a \O\©i2 OMe FT\I | | /(/OMe
NN 2N N’J::,oMe step 3 N N OMe

29a2
1109 0 0

Br Br

Step 1:
5 Compound 29a1 is generated through the reaction of compounds 5a7 and 24a2

using the procedure of Step 3, Example 8A.

Step 2:
Compound 29a1 is transformed to compound 29a2 using the procedure of Step 2,

10  Example 22A.

Step 3:
Compound 29a2 is transformed to compound 1109 using the procedure of Step 3,

Example 22A.
15
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3a6 Step 1 27a1 Ove O 5 Step 2 N CF3 CFR3 o coow I /I ~1 0/ O
COOVe -Ir NF\ NN\ NNF 27a3 Step 3 N27a2 W W Step 4 CF3 0 / CQzH
T~ O N RWO/2049/07674/N N 1104 W Step 1: Conpound 3a6 i sPrraneb@roozm7t o
conmpound 27al using the procedure in Step 1, 5 Exanple 13A. Step 2: A

m xture of iodide 27al (90 ng, 0.13 mmol ), ethylnylpyridine (27 ng, 0.26
nmmol), Cul (2.5 ng, 0.013 nmol), Pd(PPh3)4 (15 ng, 0.013 mmol) and Et 3N
(0.09 m, 0.7 mol) in degassed DMF is heated in a mcrowave at 120C for
20 mn. This mxture 10 is dissolved in EtOAc (50 nL), washed with water
and bri ne, dﬁxéMP'(ﬁ\@%b@ and concentrat ed. Purification by flash

chr onmat ograpby#a’l,,é@oﬁ 8 Hex) yields 27a2 as pale yellow foam
92 WD 2009/ 076747 PCT/ CA20 7'002

coome | COOMe
e 5% Wi
step 1
OMe OMe

30a1
step 2 l

CF,
0 CO,H CF,
=N l X oM 0 COOMe
\N’N - \l\‘l l X OMe
step 3 N _N ZN
F N
0

OMe N

OMe
30a2
Br

Br

1110

5 Steps1and2:
Compounds 5a7 and 1a6 are transformed to compound 30a1 is generated using the

procedure of Steps 2 and 3, Example 8A and thereafter to compound 30a2 using the
procedure of Step 2, Example 22A. ..

10 Step 3:
Compound 30a2 is transformed to compound 1110 using the procedure of Step 3,
Example 22A.
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Step 3: To the al kyne 27a2 (70 ng, 0.10 nmol) in MeOH (2 nL) is added Pd/C
catalyst (10%ww, 70 ng) which is then hydrogenated with -15 psi of H2 at
RT for abwoto®/B674n. The catalyst is filtered and the r@€TMA20082002107
concentrated to dryness. The crude 5 product 27a3 is isolated and enpl oyed
in the subsequent reaction without further purification. Step 4: To the
solution of the ester 27a3 (68 ng, 0.10 mmol) dissolved in DMSO (2 nL), 10
MeOH (1 m_) 6I___amd vva%ﬁ‘ (0.3 nL) is added at RT an aqueous sol ution of NaCH
(10 N, S is stirred at RT for about 5 h and then nai ntai ned
at 0C over Pra aratﬂ;he)frceamdlma 1193quenched wi th aqueous TFA and purified by
preparative LC. The fractions are conbi ned aan | yophlized to yield 1104.

15 EXAWPLE 28A.Preparation of conpound 1105 CF3 I~ 300 CF O COOve /
N+Step1N oow& a2 -Me@ 28al MO %tap R CUF3 3 0 co e O
CO2Me | N N N Ol s Qv 1O 28a3 2882~MORN Step 4
FON CF3 CF3 L - OJD

31a 31a2 F

Cl
‘ step 2

COOMe
COOMe
OMe OMe
Ox
N

OMe

step 3 OMe
31a5 3124 ;D\
F

step 4

Cl

-

tep 5
0 k1
3136 31a7 07 I:
F
cl F

N COOMe
Eaete
OMe
/(/ OMe
N OMe ™~
step 7 31a8
1113 0 F
ci
E

Cl

=z
\J
-
=z
Qo

5 Step1:
Using the procedure of Step 2, Example 22A, compound 31a1 (generated according
to the condensation of 5a3 and 24a2 using the procedure described in Step 3,
Example 24) is acylated with 31a2 (synthesized according to the procedure
described in Step 6, Example 1A) to afford compound 31a3.
10

Step 2:
Compound 31a3 is transformed to compound 31a4 using the procedure of Step 2,
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O CO2Me Step 5 O CO2H N NO NNOWw O ONO N 28a4 1105 93 WO
2009/ 076747 PCT/ CA2008/ 002107 Step 1: Conpound 28al is generated through
t he reactwonooio7emnpound 10a2 with conpound 5a3 usi ng trhe/qaomsadere of
Step 1, Exanple 13A. 5 Step 2: Conpound 28al is transfornmed to conpound
28a2 using the procedure of Step 5, Exanple 11A. Step 3: 10 A m xture of
i odi de 28a2 (500 ng, 0.79 mml), benzyl acrylate (1.3 g, 7.9 mmol),

Pd( QAc) 2 (50%% I%)ZA; mmol ), Et3N (5.0 nL) and MeCN (20 ni) is stirred at
60C in a seared e for about 4 h. The reaction mxture is cooled to RT,
filtered and concentrated. Purification by flash chromatography (7:3 to

1:1 Hex: Etoﬁglg géfﬁ gs an oil which is taken up in EtOH (20 nL). Pd/C

(10% 50 nm) and then stirred 15 under H2 for about 30 mn. The
reaction m xc:ornpomrmlsfmhudsmhsmml@dltd) 845 ancithereaientoeompatiedid1ab gging: 28a3 as

white f d |
(2.0 Erﬁ) % by é‘?fpéi”?r\?%%ge'%az %ﬁ‘?d ST 5%7%%‘36(’:?96'& m$u0?4gm ng) T

mol ). The reactlon is stirred for about 10 mn; then am dooxine (8.8 ny,
0. 09 mmol) ig agded and stirring is continued for about 2 h. The reaction
m xture is into Et20, washed with H20 (3x), saturated NH4C (1x),
dried over Mg&dfourdd 31a6r|§dam1dmnoenmpamd31arr usirgythe pidreduresif Step 8 s

redi ssol ved THE (3 ) (0.1 n, 1.0 Msolution in THF) is then added
and 25 this ’éar%'?'?rc"rb‘e(?SP 'Vﬁlkﬁout | h at 45C. The mixture is concentrated in
vacuo angh the residue is then taken up in DMSO (2 nL). Aqueous NaOH (1 M
1n) is addg_d agd :E_e solution is stirred at RT for about 1 h. AcOHis
added and p by preparative HPLC, followed by Iyophilization

af fords conppsla@ollii®Pof the chloride 31a7 (56 mg, 0.09 mmol) in DMF (1 mL) is added
Pd(PPhs), (9.9 mg, 0.009 mmol) and 5-(tri-butylstannyl)thiazole (64 mg, 0.17 mmol)
at RT. This solution is stirred at 120°C for about 12 min. MeOH (1 mL) and aqueous
15 NaOH (1 M, 1 mL) are added and stirring continues for about 3 h at RT. The reaction
mixture is concentrated, diluted in AcOH (4 mL) and purified by preparative HPLC.
The fractions are combined and solvent is removed by lyophilization to yield

compound 1113.

20 EXAMPLE 32A

Preparation of compounds 1114 and 1118

COOMe COOMe 0 COH
L e XX & = (YT
/Q/OMe OMe P AN N/(/OMe
32a1 32a2 CN 1114 O)\o
“"‘ Step 3 \“" \\\\\\

w @fim

1118

25 Step1:
The chloride 32a1 (356 mg, 0.639 mmol), which is prepared from phenol 10a2 using

the procedure described in Steps 1 to 3, Example 9A, is dissolved in DMSO (1 mL)
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94 WD 2009/ 076747 PCT/ CA2008/ 002107 EXAMPLE 29A Preparation of conpound
1109 COOve 3 CI HO/ Ov NCF3 OCOOMOM | N+ step I N NI N NNA
N~-OVe  29wiD 2bD9BEG7424a2 step 2 CF3 CF3 COOVe 0 COzH Ovecwdax@s/ootlo7Ove N
-T 1 ~NII NNNiN- ~NN NOW N-OWw step 3 1109 0\ | \ Br 29a2 0 Br
Step 1: 5 Conpound 29al is generated through the reaction of conpounds 5a7
and 24a2 using the procedure of Step 3, Exanple 8A. Step 2: Conpound 29al

is transforne 9a2 .U r Exanpl e
22A. Step 3. %‘%&ﬁ&ép n1g2% gmiol) a% Eg?éﬁeqﬁe?%é)cgggﬁ s%rr%gl ffBgF?mZabouiL@ I!;'
procedur e ofthét wpteBis addedifHeamZfke islextracted with DCM (3x), the organics are drled

and concentrated. Purification by flash chromatography (1% to 5% MeOH in DCM)

affords nitrile 32a2.

Step 2:

The nitrile 32a2 (42 mg, 0.08 mmol) is dissolved in a THF (1 mL)/MeOH (0.5
mL)/H,0 (0.5 mL) mixture and an aqueous NaOH solution (10 N, 77uL, 0.77 mmol)
is added. When the reaction is complete, the reaction is neutralized with AcOH and

10  injected onto the preparative HPLC to isolate compound 1114.

Step 3:
The nitrile 32a2 (49 mg, 0.09 mmol) and iodomethane (22 mL, 0.36 mmol) are

dissolved in DMF (1 mL) at 0°C and a suspension of NaH (95% wi/w, 4.5 mg, 0.18
15 mmol) in DMF (0.5 mL) is slowly added. After about 2 h, the reaction is neutralized
with water, extracted with DCM (3x) and the organics are concentrated. The crude
residue is re-dissolved in a THF (1 mL)/MeOH (0.5 mL)/H,O (0.5 mL) mixture and an
aqueous NaOH solution (10 N, 90uL, 0.90 mmol) is added. When the reaction is
complete, the reaction is neutralized with AcOH and injected onto the preparative
20 HPLC to isolate compound 1118.

EXAMPLE 33A

Preparation of compound 1115

COOMe CO,H
\©[ /A/ Step 1 \©i /k/
OMe OMe

32a1 1115

/N \\\\\

25

Step 1:

To a solution of chloride 32a1 (75 mg, 0.14 mmol) in DMF (1.5 mL) is added 2-amino

pyrimidine (43 mg, 0.46 mmol) and a catalytic amount of Kl (11 mg, 0.07 mmol). The
30  mixture is warmed at 80°C for about 2 h, then cooled to RT. Acetonitrile (1 mL) and

an aqueous solution of NaOH (2.5 N, 240 uL, 0.6 mmol) are added, the mixture is
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95 WD 2009/ 076747 PCT/ CA2008/ 002107 EXAMPLE 30A Preparation of conpound
1110 CF3 BnO / COOM CF3 N\ C + ( O ~N\ O/ | COOvOVv NNI N F N
step 1 NWO2b97€M2 F N H OV 5a7 1la6 30al step 2 CF3POTACA2004/0CEH®7 N \ CN
Ove 0 COOM NN, O F NOWe step 3 NNI NI FN-COE O 1110 O 30a2
Br Br 5 Steps 1 and 2: Conpounds 5a7 and la6 are transfornmed to conpound
30al is generated using the procedure of Steps 2 and 3, Exanple 8A and

th ft t 0 ' th . f S 2,. EX |l e 22A. 10
Step 3 CompURRPIaD 6 Srepaifch Brinened RUEREerami ASC TR MEHES BPGc cdur o
of Step 3, heampdeatd@AMPIIBONEDdI2RADMPOGR4T1HCT/ CA2008/ 002107 EXAMPLE 31A

EXAMPLE 34A

5 Preparation of compound 1116

COOMe

H
N BnO CO,Me
—_—
BnO o step 1 ﬁ 0
F N
F 0 H
3a1

34a1

J step 2
CF, o
BnO Me
=N Xy 0 COMe -— (§N N0 ’ OH
\Y ,l\l I N OH N l.\l |/N
N~ Z . o step 3 N~ E H
5a7

34a3 34a2

Step 1:
To a solution of the ketal 3a1 (1.5g, 3.6 mmol) in toluene (7 mL) is added TFA (7

10 mL). This mixture is stirred for about 1 h, then water (0.4 mL) is added. The stirring is
continued overnight and the mixture is concentrated. The resulting residue is diluted
with EtOAc, washed with Na,CO; (1 M), water and brine, dried with Na,SO,, filtered,

evaporated and concentrated to obtain 34a1.
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Preparation of conmpound 1113 CF3 CF3 C COOve Ove pCOOVE + 0 OV p N \ -
Il i N\ I F~~step 1 NOWB H ~Ow C 31a3 O 31al 31a2 F\ C 1 step
2 CF3 CF3WoQ@®@oav70OMe 0 COOMe OV O~ 1 iN\ | i N N~ | PCT/CAghosgzp73 N Ove
31a5 0 31a4 O F FC C 1 step 4 CF3 CF O/ COOvOWw 3 0 COOVE HO N\ |
NOVve CI Owe step 5 OV 31a6 O tFa 31a7 0 CI F C step 6

Step 2:
The ketone 34a1 (1.7 g, 4.6 mmol) is suspended in MeOH (40 mL), and the solution

is cooled to 0°C. NaBH, (87 mg, 2.3 mmol) is added and the mixture is stirred for
5 about 1 h. The reaction is quenched with 1 M HCI, and the MeOH is evaporated

under reduced pressure. The residue is diluted with EtOAc, and washed with
aqueous, saturated NaHCO,, water and brine. Then the residue is dried with
Na,SO,, filtered, evaporated and employed in the subsequent reaction without
further purification.

10
Step 3:
The benzyl ether 34a2 (410 mg, 1.1 mmol) is dissolved in MeOH (3 mL) and EtOAc
(6 mL). 10% Pd/C (4 mg) is added and the flask is placed under an atmosphere of
hydrogen. After about 2 h, the mixture is filtered on Celite®, and DMSO (9 mL) is

15  added to the organic phase. The MeOH is removed under reduced pressure.
Chloropyridine 5a7 (258 mg, 0.98 mmol) and cesium carbonate (448 mg, 1.4 mmol)
are added, and the mixture is stirred at 70°C for about 4 h. The reaction mixture is
then diluted with EtOAc, washed with aqueous, saturated NaHCO; and brine, dried
with MgSO,, filtered and evaporated. Purification by flash chromatography (10:90 to

20  50:50 EtOAc:Hex) yields 34a3.

Step 4:
The alcohol 34a3 (400 mg, 1.1 mmol) is dissolved in DMF (10 mL) and iodomethane
(1.7 mL, 27 mmol) is added. This solution is cooled to 0°C, then sodium hydride
25 (133 mg, 3.3 mmol, 60 % in oil) is added and the mixture is stirred for about 4 h.
Saturated NH,Cl (10 mL) is added, followed by EtOAc (100 mL) and water (40 mL)
are added and the mixture is shaken in a separatory funnel. The layers are
separated and the organic layer is washed with brine, dried with MgSQ,, filtered,
evaporated, concentrated and purified by flash chromatography (100% Hex to 60%
30 Hex/EtOAc) to yield 34a4.

Step 5:
Compound 34a4 is transformed to compound 34a5 using the procedure of Step 2,

Example 22A.
35
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CF3 CF3 /7-SCOHSOCOOW Ow //-S0 OWw NNN, NNOWE NtaOW®R 0 O
step 7 31a8 1113 F F Cl C 5 Step 1. Using the procedure of Step 2,

Exanpl e 220 20@mmpand 31al (generated according to thercorensabton of 5a3
and 24a2 using the procedure described in Step 3, Exanple 24) is acylated
wi th 31la2 (synthesized according to the procedure described in Step 6,
Exanple 1A) to afford conpound 31a3. 10 Step 2: Conpound 31a3 is

t ransf or ned onpound 31a4 using the procedure of Step 2, 97 WO

2009/ 076747 CA2008/ 002107 Exanple 25A. Steps 3 and 4: Conpounds 3la4

i s transfor eampaund B4a5 sntansfiermedfte eompourciotidéwsihg3he erogedyrg of Stephks
procedure of Ste ) and 3, Exanple 5B, respectively. Step 5: Conpound 31la6
S transfor %%Ar\'pound 3la7 using the procedure of Step 3 Exanple 9A,
respectively. 10 St eps 6 and 7: To a solution of the chloride 3la7 (56 ng,
0. 09 rrrml) %% I(d -) is added Pd(PPh3)4 (9.9 ng, 0.009 mmol) and
5-(tri-b tyI r'1§ %f‘hl azole (64 ng, 0.17 mol) at RT. This solution is
stirred at IPpafationadi@emplolingi 2001MeOH (1 ni) and aqueous 15 NaCH (1 M 1

m-) are added and stirri n% gantinues for ahout 3 hat Rlow.The reaction

—_—

35a3
E Step 1 Step 2 {
OMe
35at 35a2 iStep 3
CcO,Me 1 CO,Me | CcoMe
\E;i { Step 5 N{ Step 4 N{
35a7 OMe E H OMe F H OMe
35a6 35a4

‘ Step 6
o CO.Me =N SR CO,H
=N = 2 - SN |
<\ ! | N/N =N /L/
N N N{ Step 7 N OMe
OMe

Sulfuric acid (3 mL) is added to a solution of 35a1 (16.3 g, 57.4 mmol) in MeOH (200
10  ml). The solution is stirred overnight at 80°C. The mixture is cooled to RT,
concentrated under reduced pressure, diluted with EtOAc (300 mL), washed with
aqueous saturated sodium bicarbonate (3 x 100 mL), brine (100 mL), dried over
Na,SQ,, filtered and concentrated under reduced pressure. The crude mixture is
purified by flash chromatography (10% EtOAc in Hex) to afford methyl ester 35a2 as

15 an oil which solidifies upon standing under high vacuum.

Step 2
(S)-(+)-1-methoxy-2-propylamine (1.90 g, 21.3 mmol) is added to a DMF (30 mL)

solution of 35a2 (4.53 g, 15.2 mmol) and potassium carbonate (3.15 g, 22.8 mmol).

20  The mixture is stirred at 75°C overnight, cooled to RT, diluted with saturated
aqueous sodium bicarbonate (200 mL) and extracted with EtOAc (2 x 200 mL). The
combined organic phases are washed with saturated aqueous sodium bicarbonate
(2 x 100 mL), brine (100 mL) dried over Na,SO,, filtered and concentrated under

reduced pressure. The crude mixture is purified by flash chromatography (100% Hex
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m xture is concentrated, diluted in AcOH (4 ml-) and purified by
preparative HPLC. The fractions are conbi ned and sol vent is renoved by

| yophi | i 280i2009/076749i el d conpound 1113. 20 EXAVPLE 32A PCeman2edsioonioof
conpounds 1114 and 1118 CF CF3 CF3 rj: OCOOWw O/ COOM O COZH N N~ Step
11 i NVN W 20w O NNOWw C 32al OCN 32a2 OCN 1114 O Stop 3
CF O-r-( C®2H iN\~N -~-Owe CN 1118 O 25 Step 1: The chloride 32al (356

ng, 0.639 £, epar o) nol 10a2 using the procedure
descr i bed W%%é%?"af%ﬁ’otﬁ?"éﬁi%af% %*&,ré*.h%%?ss%?@ed in DVBO (1 mi-) 98 WO
2009/ 076747 PCT/ CA2008/ 002107 and NaCN (63 ng, 1.28 nmol) is added. The

reaction is tir3red at RT for about 1 h, then water is added. The m xture
i s extract edi%flt-h DCM (3x), the organics are dried and concentrated.

Puri fi cati onPdPPhh)aede7ahy, @28 weTodpdsiddell totet mixbie dEGHIde 358319.36 6.f6.43 ds _
LIPSk oL T N T I
sol uti on (10ddyasdet by Simtlfarevnbly bubblingdderd sbhiestirigthe 6lagsr Rabsutasnl et e,
Lhe [ eact ;8%@?@%%@%% St attgpﬁg%?:a%ggt 30t9in, Bbaisd BR P idteh WinP " eParative

saturated aqueous sodium bicarbonate (200 mL) and extracted with EtOAc (2 x 200

mL). The combined organic phases are washed with saturated aqueous sodium

10  bicarbonate (2 x 100 mL), brine (100 mL), dried over Na,SQ,, filtered and
concentrated under reduced pressure. The crude residue is purified by flash

chromatography (100% Hex then 5% to 10% EtOAc in Hex) to afford 35a4 as an oil.

Step 4:
15 Vinyl compound 35a4 (1.45 g, 5.42 mmol) is dissolved in a mixture of acetone/tert-

butanol/water (40 mL:10 mL:9.6 mL). The solution is cooled to 0°C, NMO (956 mg,
8.14 mmol) is added, followed by OsO. (2.5% in tert-butanol, 276 uL, 0.027 mmol).
The solution is stirred at 0°C overnight, diluted with agueous 10% sodium
thiosulphate (100 mL) and extracted with EtOAc (2 x 100 mL). The combined

20  organic phases are washed with aqueous 10% thiosulphate (100 mL), brine (2 x 100
mL), dried over Na,SO,, filtered and concentrated under reduced pressure to afford
the crude diol which is dissolved in THF (10 mL) and water (10 mL). This solution is
cooled to 0°C, NalO, is added (1.60 g, 7.47 mmol) and then stirred at 0°C for about 4
h. The reaction mixture is diluted with saturated aqueous sodium bicarbonate (100

25 mL) and extracted with EtOAc (2 x 100 mL). The combined organic phases are
washed with saturated aqueous sodium bicarbonate (100 mL), brine (100 mL), dried
over Na,SO,, filtered, and concentrated under reduced pressure. The crude material
is purified by flash chromatography (100% Hex then 5% to 20% EtOAc in Hex ) to
afford 35a6 as an oil.

30
Step &:
Sulfuric acid (223 uL, 3.56 mmol) is added to a 0°C MeOH (20 mL) solution of 35a6
(640 mg, 2.38 mmol), followed by aqueous 30% hydrogen peroxide (404 uL, 3.57
mmol). The solution is stirred at 0°C for about 1 h then diluted with aqueous 10%

35  KH:PO, (50 mL) and extracted with ether (2 x 100 mL). The combined organic
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The nitrile 32a2 (49 ng, 0.09 nmmol) and i odonethane (22 n., 0.36 nmol) are
dissolved in DVF (1 nL) at 0OC and a suspension of NaH (95% ww, 4.5 ny,
0.18 15 woub)vy/da7e74DMF (0.5 nL) is slowy added. After alpoutCA2063/002te
reaction is neutralized with water, extracted with DCM (3x) and the

organi cs are concentrated. The crude residue is re-dissolved in a THE (1
m)/MeOH (0.5 nL)/H20 (0.5 nL) mxture and an aqueous NaCH solution (10 N,

neut ral i zea MR Siectrnnd W Beba IFFRHLRR. [ GPHE) Bhfe ¢ KERAAET | Co) i

conpound 11i8ied oEmmSIQBfﬂmrﬁmphccatcbnmatecﬂ undnmeduvddblés%u@l:f{hé:lé@de\ o/
COOVe O COZ lyo 1115 32al 25
CYNH N St g‘ghefg' 3837 is Do fRetly In e R S, 5‘%5&“(‘9%"‘": o4 "mol) in DVF

(1.5 n) is added 2- am no pyrimdine (43 ng, 0.46 nmmol) and a catal ytic
anount of. Ki .nmg, 0.07 mmol). The 30 mxture is warnmed at 80C for about
2 h, theR ¢ “to RT. Acetonitrile (1 nL) and an aqueous sol ution of NaOH
(2.5 N, 240 %mﬁb@dmﬂaﬂs raresfataedo comnpoumadadsasaising th® rodeu e @ Seep61 47

PCT/ CA2008/ 0%21 ée %@r med at 50C for about 2 h, then neutralized at RT with
AcCOH and inj b the preparative HPLC to i sol ate conmpound 1115.
EXAMPLE 34A 5 Preparation of conpound 1116 COOv H | N Bn: CO2Me BnO O

step 110 Ste Iy:
10  Compound 35a8 is transformed to compound 2001 using the procedure of Step 2,
Example 13A.
EXAMPLE 36A

Preparation of compound 2002

f F eO\/:\
I\C[COZH . | CO,Me \©:CO ,Me NH
- CO,Me
. Step 1 F Step 2 { \C[
OMe

36a2
36a1 a 36a3 36ad

‘Step 3

N N
H F ! F
36a8 H
l Step 5 36a7 3626 36a5
F CF, F
HO COMe Step 6 - e CO,Me
SN B O
< VI v
OMe B OMe
36a9 36a10

15

Step 1:
Sulfuric acid (3 mL) is added to a solution of 36a1 (15.0 g, 36.9 mmol) in MeOH (200
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FJFH O34al 3al step 2 CF3 CF3 0 ONO OH: tep3 CO2Me N Cl + BnO/

CO2Me N ||

4 CF3 CFavb2a0n70me 0 CO Me (/~ ONNNIT NN 2 Ow F HPCT@A2D@HO510F/
FBr step 6 CF3 0/ CO2H® NNN\ O F N 1116 O F Br Step

34a4 34a5 0

1: To a solution of the ketal 3al (1.5g, 3.6 mvl) in toluene (7 m-)
added TFA (7 10 mL). This mxture is stirred for about 1 h, then vvater

ent Sc9efu PR o e IR S DR O FRLR 08 iR,

COI’ICEI’I'[ rate

Na2CO3 (1 I\/,bRT,VmﬂeentEa’ﬂeﬂ lhmdemeeduded ecesaurehdiNgtS0h Ef0Ad @0ediL), washed

10

15

20

25

30

35

with aqueous saturated sodium bicarbonate (3 x 100 mL), brine (100 mL), dried over
Na,SO,, filtered and concentrated under reduced pressure to afford methyl ester
36a2.

Step 2
(S)-(+)-1-methoxy-2-propylamine (1.49 g, 16.8 mmol) is added to a DMF (30 mL)

solution of 36a2 (3.84 g, 12.9 mmol) and potassium carbonate (2.67 g, 19.3 mmol).
The mixture is stirred at 75°C overnight, cooled to RT, diluted with saturated
aqueous sodium bicarbonate (200 mL) and extracted with EtOAc (2 x 200 mL). The
combined organic phases are washed with aqueous saturated sodium bicarbonate
(2 x 100 mL), brine (100 mL) dried over Na,SO,, filtered and concentrated under
reduced pressure. The crude mixture is purified by flash chromatography (100% Hex
then 5% to 20% EtOAc in Hex) to afford a mixture of isomers 36a3 and 36a4.

Step 3:
Pd(PPhg), (315 mg, 0.272 mmol) is added to a mixture of iodide 36a3 and 36a4

(2.00 g, 5.45 mmol) and tributylvinyltin (1.91 mL, 6.54 mmol) in DMF (40 mL). The
mixture is degassed by simultaneously bubbling Ar and by sonicating the solution for
about 15 min. The mixture is stirred at 100°C for about 2.5 h, cooled to RT, diluted
with aqueous saturated sodium bicarbonate (200 mL) and extracted with EtOAc (2 x
200 mL). The combined organic phases are washed with aqueous saturated sodium
bicarbonate (2 x 100 mL), brine (100 mL), dried over Na,SO,, filtered and
concentrated under reduced pressure. The crude residue is purified by flash
chromatography (100% Hexa then 5% to 10% EtOAc in Hex) to afford a mixture of
compounds 36a5 and 36a6.

Step 4:
Vinyl compounds 36a5 and 36a6 (1.19 g, 4.45 mmol) are dissolved in a mixture of

acetone/tert-butanol/water (40 mL:10 mL:9.6 mL). The solution is cooled to 0°C,

NMO (732 mg, 6.23 mmol) is added, followed by OsO, (2.5% in tert-butanol, 226 uL,

0.022 mmol). The solution is stirred at 0°C overnight, diluted with aqueous 10%

sodium thiosulphate (100 mL) and extracted with EtOAc (2 x 100 mL). The combined

organic phases are washed with aqueous 10% thiosulphate (100 mL), brine (2 x 100
105

OH NNNF. , , N-J1: ~-NF\ H., "~ 34a3 5a7 34a2 1 step
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evaporated and concentrated to obtain 34al. 100 WO 2009/ 076747

PCT/ CA2008/ 002107 Step 2: The ketone 34al (1.7 g, 4.6 mmol) is suspended
in MeOH (WO 209)076mnd the solution is cooled to OC. NaBR¢T(@2008021873 ol )
is added and the mixture is stirred for 5 about 1 h. The reaction is
gquenched with 1 MHC, and the MeOH is evaporated under reduced pressure.
The residue is diluted with Et OAC and washed with aqueous, saturated

NaHCCO3, water, a sidue.is dried t d,
evapor at ed 4Rl a?ﬁff%‘ﬂféglaizgg ﬁg ﬁﬁgg(‘jﬁ@?ﬁnt@%gcl{nid%r ?%do'ﬂfesgu?ﬁ ?ﬁorr& ore
gurl f: Cafjl Onrthe &destdgﬂs \Ehlcﬂ'bée &é@ﬁ&\}éd ie (THET (18 4l iﬁéMtCe‘rmO L)l Tﬂﬂm%ﬂuog g

I ssolved in t % added an
the flask |§Sﬁ?$%£f%?d%}da 'L%E‘EH‘S g?%aqtsa(%ﬁ% iééﬁ éﬁ?[’%‘dg &Gt 2 h, the
m xture 'f, f9oltien dstimedGe DT efrrapoutaial TH¥BEREtBNMhiXturesis Hiutad et alqoednh;e N
organi c as e e uce [ ridine
529" 256 Bg.SAHreES s TR SRRr hoRP bR SRR RREIORE R kBT T o adaed,
aﬂd tgeI m X'édd)lhﬁa_ mhéﬁ Grbaric phastls a?@@a’sl@erd \mhoalqueéuhsafﬁmdmmd mbrcaridoxu'gterbe is
then dilute t 0 sat ur at e n rine,
ar e it h R Hre L e ol PREh e pi SRt e P

clhr orr:a]t og 2 ap'bﬁlideé‘l(br%ui’@ Tha@ra rfﬁQteE_alGl\puriﬁeJd)lgyyﬁaeﬂw disroB8va&igyrarBiy € pOGs dThe ]

al coho a o 1. . i,SS onet hane
(1.7 ni, 27%&?”%‘83"&%%'9 i%‘ﬁd‘f ‘Hd °§’m<5’88”%3d3‘t% (8@_‘5)3 f'l’ir%}ﬂa'%"gdu um
hydri de @5 (3628 d¥nal. 3 nmol, 60 %in oil) is added and the m xture is
stirred for about 4 h. Saturated NH4Cl (10 nlL) is added, followed by EtQAc
(100 nL) and water (40 nmL.) are added and the m xture is shaken in a

separatory fgwpel . The layers are separ ated and the organic |ayer is
washed with Brine, dried with | tered evapor at ed, concentrated

and purifi edSfprie Pﬁﬂ%%ﬂﬂ'brﬁ%@ﬂ@ﬁfﬁ/aﬁwq AL MeOHd1h mbpselwiones’38as ¢ o
yi el d 34a4. %69195146qmaeyrfguo%€e%waaubs@@ﬁ%mw@gé@ps@mem @4aausing the

procedure of Ste
15 mmol) The solution is stirred at 0°C for about 1 h then diluted with aqueous 10%

KH,PO, (50 mL) and extracted with ether (2 x 100 mL). The combined organic
phases are washed with aqueous 10% KH,PO, (2 x 100 mL), brine (2 x 100 mL),
dried over Na,SO,, filtered and concentrated under reduced pressure. The crude
phenol 36a9 is used directly in the next step without further purification.

20
Step 6:
Compound 36a9 is transformed to compound 36a10 using the procedure described

in Step 1, Example 13A.

25 Step7:
Compound 36a10 is transformed to compound 2002 using the procedure described

in Step 2, Example 13A.

EXAMPLE 37A

30 Preparation of compound 3001
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Exampl e 22A. 35 101 WD 2009/ 076747 PCT/ CA2008/ 002107 Step 6: Conpound 34a5
is transfornmed to conpound 1116 using the procedure of Step 3, Exanple
22A. 5 BEXAORLE/B6ATPrepar ati on of conpound 2001 | COZH PCTCQARRSIOODOZME | F
Step 1 i F Step 2/ N_353 FFFHOw 35al 35a2 Step 3 0 HO COw COZMe
COZMe Step 5/ N_ Step 4 N- 35a7 FHOWwW F O F Ow Step 6 35a6 35a4
CF3 CF3 O CZMe /=N"1 OCOZH NN N/ N Step 7 NNNN~Ow F H Ow 2001
F O35a8 Step 1. Sulfuric acid (3 nlL) is added to ch solution of 35al (16.3
g, 57.4 mol) in O (29 10 ol The solution i tol rred VSkNi ght at

80C. The m xtur cool ed concentrat ed ed pressure,
diluted with Et (300 ) bk wa { “s@ateou ur sodf |U?’Me
bi carbonate (3| x 100 nL), bri ne ri ed|over Na2804 | 4ered and
concentrated thder reduced : e crude i xtyre | ¥a f i ed by
fl ash chromat ogszaphy (10% in Hex) to affor rreth l ter 35a2 as 15
an oil which solidifies upon st ané#ng under hi gh Step 2

% S added to a DVF (30

(S)-(+)-1-net hoxy- 2- propyl amne (1.90 g, 21.3
mL

COH COOMe
@[ @
N OMe N OMe
3001 37a3
F F
F ' F N

Phenol 2a5 (1.0 g, 2.54 mmol) is combined with K,CO; (878 mg, 6.35 mmol) and
37a1 (586 mg, 3.05 mmol) in DMSO (15 mL). The mixture is heated under Ar at
60°C until complete conversion, then cooled to RT. A saturated aqueous solution of
5 NaHCO; is then added. The mixture is extracted with EtOAc (3x), the combined
organics are dried over MgSO,, filtered and concentrated under reduced pressure to

afford crude 37a2 which is used without further purification.

Step 2:

10  To a solution of 37a2 (100 mg, 0.18 mmol) and 3,3-difluoropiperidine hydrochloride
(31 mg, 0.20 mmol) in DCE (1.5 mL) is added NaBH(OAc); (52 mg, 0.25 mmol). The
mixture is stirred at RT overnight, then water is added. The mixture is extracted with
DCM (3x), the organics are dried and concentrated under reduced pressure.
Purification by combiflash (15% EtOAc in hex) gives 37a3.

15
Step 3:

Compound 37a3 is transformed to compound 3001 using the procedure of Step 2,
Example 32A.

20 EXAMPLE 38A

Preparation of compound 3002
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solution of 35a2 (4.53 g, 15.2 mmol ) and pot assi um carbonate (3.15 g, 22.8
mml). 20 The mxture is stirred at 75C overnight, cooled to RT, diluted
wi t h sat wetze@/Eegueous sodi um bi carbonate (200 nli) and extracb@hoxiorh Et OAc
(2 x 200 nL). The conbined organic phases are washed w th saturated
aqueous sodi um bi carbonate (2 x 100 nmL), brine (100 nL) dried over Na2SO4,
filtered and concent rat ed under reduced pressure. The crude m xture is
purified by flash chrpfmat ograp &100% Hex 102 WD 2009/ 076747

"~ 84 /0

PCT/ CA2008/ 002107 8 Et OAc i n Hex)Atoaf £ordCa®3 as an oil .
Step 3: Pd(PPh3)4 g, LQ. Mei's gdded| to] a ure oneodi de 35a3
(2.36 g, 6.43 5 and tri but¥l vi nydtepti n A6 L >7.°97<mmol ) in DVF

Meand
s stirred at 90C

g by "Si mul t ag
soni cating the solutidn fof apout 15 min. The niskt ur
for about 30 nmin, cooledto™RT, diluted with saturated aqueous sodi um

bi carbonate (200 nmL) and extracted with EtQAc (2 x 200 rrL‘)lij Tge conbi ned

(25 mL). The m xt@re i3§2 d

organi ¢ phases are washed with saturated aqueous sodi um 10 3 €4r bonat e (2 x
100 mi), brine (100 ngs,, dried over Na2SO4, filtared and concentrated

under reduced pressure. Fhe crusteqresidue is p f ioed ¢oeh
% t5%t ObeEt- OAC X af f preme35a4 as an
conpau Njg 1.88%y 2 N&@ssol ved in a

chr omat ogr aphy (100

a4
m xture of acetone/tert- butanol/watge (40 10 nmi: 9.6 ndy).“Jdmve sol ution
is cooled to OC, sKMD (:666 014 mmol ) is addses fowéa by 0s04 (2.5%
in tert-butanol, \2%6 pL, 0! nmmol ). The solutionsiscstirred at 0C

oil. Step 4: 15 V|

overnight, diluted wt h e‘fqueous 10% sodi um t hi osul phate (100 nm.) and
extracted widih, Et OAc (2 x 100 nL). The conbined 20 organi c phases are
washed with ous 10%t hi osul phate (100 nL), brine (2 x 100 nlL), dried
over Na2SO4,THeidldahydd 3Zai(tc3hgchd0 armnd) isdiseolvedinide@H (2emthiatd°Candf f or d

t he crude di i i S, in,T, . r Thi s
ol ut on 1 s B3 G pls” 2 TR el s oplhoiyed R Bt nreilon, 11
stirred at O€qbenchabwith adaturatedlagueascsaluion of gitrigrasid andigtnatied wisht h
saturated a i J o) 5 w th Et QAc
(2 % 100°m ) O Io3oHd Tagh EepRIRe s S Mua Bl SRR Lt oo
aqueous sodiRurifibatoardymoatbiflaSi @¥esk)cohdrd8ag. (100 nl), dried over Na2SO4,
filtered, and concentrated under reduced pressure. The crude materi al

Step 2:
The alcohol 38a1 (700 mg, 1.23 mmol) is dissolved in DCM (15 mL) and thionyl

10  chloride (0.19 mL, 2.59 mmol) and a catalytic amount of DMF (10 pL) is added. The
reaction is stirred at RT, then successively washed with a saturated aqueous
solution of citric acid, NaHCO; and brine. The organics are dried over Na,SO,,
fitered and concentrated under reduced pressure. The crude chioride 38a2 is used
as such without further purification.

15
Step 3:
In a microwave tube, the chloride 38a2 (75 mg, 0.13 mmol) is put in degassed DMF
(1 mL, degassed by bubbling a volume of Ar while sonicating for about 10 min) along
with 5-(tributylstannyl)thiazole (96 mg, 0.26 mmol). Pd(PPh3), catalyst (15 mg, 13

20 umol) is added and the tube is sealed and put in microwave at 125°C for 20 min. The
mixture is diluted in EtOAc and washed with water (2x) and brine (2x). The combined
organics are dried over MgSQ,, filtered and concentrated. The crude residue is

passed on a short silica gel column (20% to 70% EtOAc in hex) to remove most
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is purified by flash chromatography (100% Hex then 5% to 20% Et QAc i n Hex)
to afford 35a6 as an oil. 30 Step 5: Sulfuric acid (223 pL, 3.56 mmol) is
added t o wWOQ@MERH7(20 nlL) solution of 35a6 (640 ny, 2P8&/anroisjoo2iol | owed
by aqueous 30% hydrogen peroxide (404 IpL, 3.57 mmol). The solution is
stirred at OC for about 1 h then diluted with agqueous 10% 35 KH2PO4 (50 nl)
and extracted with ether (2 x 100 nL). The conbi ned organic 103 WO

2009/ 076747 .PCT/.CA2008/ 002107 hases _are wa it 0% KH2ZPO4 (2
<200 ) PRaERng hogomped RARRES <BF S CRR0ER M o BAER G it €
concent r at eddissotled i THEQE ehLpMEsEHI(05 mLvel,O 08 enl)Eind NAOB SN ,i G 13idd
directly in e next ste i thout further purification.. . ., Conpound
35a7 is trantgmg'stagdﬁcg%ﬂﬁﬁorg@?%’ﬁf irﬁﬁapﬂés B‘?L@@gﬁq{h\@ﬁb’?é@ﬁgﬁdl, ™
Exanpl e 13A.injStten ohto d Prebargios AL BGaBolaste Boasf or ned to conpound 2001 using
the procedure of Step 2, Exanple 13A. EXAMPLE 36A Preparation of conpound
2002 F F5F | CO2H 11/COZMe | CO2Me McO-NH Step 1 i + | C02me F F Step 2 N

HOWw F 36agxsae38Aa3 36a4 Step 3 F MOF CO2Me ~jNH Me MO O/ + C

CO2MeE CO2 + CQZMWe
Preparation of compound 3005 and 3006

CF, CF,
0 COOMe 0 CO,H
\©i OMe — \©: OMe
OMe OMe
cl N,
38a2 0 N" N 3005 o

+
CF,
0

COH
\©[ OMe
N{
) O)\)
\

\ /| 3006

Step 1:
1,2,3-Triazole (15 pL, 0.13 mmol) is added to a suspension of NaH (60% w/w, 10

10  mg, 0.26 mmol) in THF (0.5 mL) and stirred for about 15 min at RT. This mixture is
transferred to a solution of chloride 38a2 (75 mg, 0.13 mmol) in dry DMF (1 mL) and
is stirred overnight. The mixture is partially concentrated under reduced pressure
and pre-adsorbed on silica gel for purification by combiflash (50% to 100% EtOAc in
hex). Two products are recovered corresponding to each isomeric triazole

15  intermediate. After being combined and concentrated, each intermediate is
separately re-dissolved in THF (2 mL)/MeOH (1 mL) and NaOH (10 N, 0.13 mL, 1.3
mmol) is added. When complete, each reaction is neutralized with AcOH and
injected onto the preparative HPLC to isolate 3005 and 3006.

20 EXAMPLE 40A

Preparation of compounds 1121
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N Step 4 NeH_Ow FHOW F 36a8 Step 5 36a7 36a6 36a5 F CF3 F HO CO2Me
Step 6 NOL COZMv Ne N,NiN Ne H Ow Owv 36a9 36al0 Step 7 CF3 F NN
/O COZH wWeolge09/a76v4MOVe 2002 O 15 Step 1: Sul furic aci drC3/an2posice2mdded to
a solution of 36al (15.0 g, 36.9 mol) in MeCH (200 104 WO 2009/ 076747
PCT/ CA2008/ 002107 nL) and the resulting solution is stirred overnight at
80C. The m xture is cooled to RT, concentrated under reduced pressure,
diluted with Et QAc (300 (gL) washed wth aqug,gus saturated sodi um

bi carbonate (3 x 100 i) er ne dod@0 L), dri cNa2SO4, filtered and
concentrat ed under reo;ggéf surce to affor tes er 5 36a2. Step 2
(S)-(+)-1-nmet hoxy- 2-pr, : I dded to a DVF (30
m.) solution of 36a2¢(3.84 /%Erm I pq&ass@v f bonate (2.67 g,
19.3 mmol ). 10 The mxturels rred at J5C overni , cooled to RT,
diluted with saturated aqueous s di um bi carbonate (20§, -) and extracted
with EtOAc (2 x 200 nL). The co |ned organi ¢ phases are washed with
aqueous saturated sodi um bi carbonate (2 x 100 nl)sesbrine (100 nmi) dried

over Na2SO4, filtered and concentrated under reduced pressure. The crude
m xture is purified by flash chromatography (290% Hex

| O co, Z

=N (IN

ZZN | G/b

S 1121 ",
:Me

o]

Step 1:
Compound 9a3 is transformed to compound 40a1 using the procedure of Step 1,

Example 20A.

Step 2:
To the methyl ester 40a1 (27 mg, 41 pmol) in MeOH and THF (1:1 mixture, 1 mL) is

added an aqueous NaOH solution (1.0 M, 41 pl, 41 umol). The mixture is stirred for
about 2 days at RT, and then water is added. The aqueous layer is washed with
10  Et,O (2x) and lyophilized. The compound 1121 is quantatively obtained in its sodium

salt form.

EXAMPLE 41A
Preparation of compounds 1133
15

COOMe 0 Coﬂé
I}[ s
Step 1
1133
2721

Step 1:
The iodide 27a1 (72 mg, 0.104 mmol) is dissolved in MeOH (5 mL) and 10% Pd/C

20 (50 mg) is added. The mixture is stirred for about 1 h under a balloon atmosphere of
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15 then 5% to 20% EtOAc in Hex) to afford a m xture of isoners 36a3 and
36a4. Step 3: Pd(PPh3)4 (315 ng, 0.272 mmol) is added to a m xture of

i odi de 36aB00wh786a4 (2.00 g, 5.45 mmol) and tri butyl viPaylaa2ms(od2®1 ni,
6.54 mmol) in DMF (40 nmL). The 20 mxture is degassed by sinultaneously
bubbling Ar and by sonicating the solution for about 15 mn. The m xture is

stirred at 100CC for about 2.5 h, cooled to RT, diluted wth uegus
sat urat ed sdudingen; the pbfueds fc'@(.r)@j thraughGriite® andseancantigted, UE@%&E&("? 200

n). The coni &Qﬁeorr%?we RBRSE %S @t&smGWme(mupmmat @ Ringyl sodi um
bi carbonate (2 x 100 nmL), brine (100 niL), dried over Na2SO4, filtered and

25 concent r dher agwrheis NaQit CEN pﬁQelels@r@ mmel izaddes. Whenggapiete. 308 i fi ed by
fllash  chromatags30 ge\ﬁutg%&gg/ %I‘ﬁ%&gg e/P:tEQ oﬁ@%%b%%réh@e HeX hsaftéord a

m xture of conpounds and ep 4. 30 conpounds 36a5 and
36a6 (1.8 g1138.45 mmol ) are dissol ved in a nixture of
acetone/tent-butanol/water (40 nL:10 nL:9.6 nL). The solution is cooled to
0C, NMO (732 ng, 6.23 nmol) is added, followed by Gs04 (2.5%in

tert- butanolExMMEmA 0.022 mml ). The solution is stirred at 0C

over ni ght, luted. with a 6 sodi um t hi osul phate (100 nL) and
extracted w Wpéf%ﬁp ?%O"gﬁﬁ%%%jﬁéThe conbi ned 35 organi c phases are
washed with aqueous 10%t hi osul phate (100 nlL), brine (2 x 100 105 WO

2009/ 076747 PCT/ CA2008/ 002197 nl), dried over Na2SO4, filtered and
concentrated under reduced/ ressugFe to afford the cr udgF di ol s which are

di ssol ved in THE omsrL) Qm wat e opwe Thi s sol ut wel ed to OC
and sodi um net aperli odate 'i g adde @MEAS mm() LS
stirred at OC for ag buel fp; THE eactl oH o Udie2 I MAAueous

5 saturated sodi pcarbonate (100 n@d extract W|th Egﬁe (2 x 100
m.). Theqg conbi-n ofgani ¢ phases are ed wi th aquedlis Saturated sodi um

bi carbonate (100 ni), brine (100 m.), dried over Na2SO4, filtered, and
concentrated under reduced pressure. The crude material is purified by
fl ash chr ome$tegriaphy (100% Hex then 5% to 10% EtOAc in Hex\) to afford

it o B U SRR e T
pyridine 56a3 (879 mg, 2.23 mmol) using the procedure of Step 1, Example 16A.

15
Step 2:
A mixture of iodide 42a1 (56.7 mg, 85 umol), morpholine (42.5 mg, 0.49 mmol) and
cesium carbonate (184 mg, 0.57 mmol) is prepared in anhydrous toluene (3 mL).
This mixture is sonicated and purged for about 10 min with a balloon atmosphere of

20  Ar. To this mixture is added palladium acetate (1.9 mg, 9 umol) and BINAP (8.0 mg,
13 pmol) and the heterogeneous mixture is further sonicated/purged for about 10
min upon which time it solubilizes. The reaction is placed at reflux for about 16 h,
cooled to RT, then EtOAc is added and the mixture is washed with a saturated
aqueous solution of NaHCO; (2x). The organi’cs are dried over MgSO, and

25  concentrated. The crude residue is re-dissolved in THF (1 mL)/MeOH (0.5 mL)/water
(0.5 mL) and NaOH (10 N, 85 uL, 0.85 mmol) is added. When complete, the reaction

is neutralized with AcOH and injected onto the preparative HPLC to isolate 1139.
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(400 ng, 1.49 mol), followed by aqueous 30% hydrogen peroxide (252 pL,
2.23 15 mmol). The solution is stirred at OC for about 1 h then diluted

wi th aquewomdeHH2PO4 (50 nml-) and extracted w th et hecT(2soskodionl). The
conbi ned organic phases are washed with aqueous 10% KH2PO4 (2 x 100 ni),
brine (2 x 100 nL), dried over Na2SO4, filtered and concentrated under
reduced pressure. The crude phenol 36a9 is used directly in the next step
wi t hout furtBEAMRYEASA cation. 20 Step 6: Conpound 36a9 is transformed to

conpound 36agQ Usdeidh & SRR BodmcCiieded in Step 1, Exanple 13A. 25
Step 7: Corrpour?g 36a10#17%§qéransfor med to conpound 2002 using the procedure

described in Stepf2, Exanple 13A /PLE 37AC Preparati on of conpound
3001 106 WO 2009/ €42008/ 0 7 ~ F HO COOME OMe p \
COOve OV N~ Step A | Ove € 3 W37 CD 2a5 Step 2 CF3 CF3
p/ CRHp COOve Owv \ Y, sotep 3/ N_C COve N 3001 0 N 37a3 0O
F'o""" C F'0O0, #sF [Step 1: 43a1

OH O\/\

‘ Step 2
CF,
é/o CO,H CF,
cas sV oves
/ T (X
N—<:0 ) Sep3 N N—<:O\—//
o] O\_//

1160 O*O N
jStep4
CF,
e
0
/

1161 o

43a2

W'

5 Step 1:
The diol 11a5 (221 mg, 0.57 mmol) is dissolved in DMF (3 mL) and cooled to 0°C.

Allyl iodide (0.11 mL, 1.20 mmol) and sodium hydride (95%, 30.3 mg, 1.20 mmol) are
successively added and the mixture is stirred at RT for about 1 h. Water is added
and the mixture is extracted with DCM (3x). The organic phases are dried and

10  concentrated. The crude residue is purified by combiflash (hex / EtOAc, 15% to
25%) to afford aniline 43a1.

Step 2:
Compound 43a1 is transformed to compound 43a2 using the procedure of Step 4

15 Example 7A.

Step 3:
Compound 43a2 is transformed to compound 1160 using the procedure of Step 2,
Example 32A.

20
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Phenol 2a5 (1.0 g, 2.54 mml) is conbined with K2CG3 (878 ng, 6.35 mmol)
and 37al (586 ng, 3.05 mml) in DMSO (15 nL). The m xture is heated under
Ar at 60wountwd7eenpl et e conversion, then cool ed to RTPCAGabesr@led
aqueous solution of 5 NaHCO3 is then added. The mixture is extracted with
Et OAc (3x), the conbined organics are dried over MgSH4, filtered and
concentrated under reduced pressure to afford crude 37a2 which is used
without furtB&R%urification. Step 2: 10 To a solution of 37a2 (100 ny,

0.18 | | | i
22 (rlmg %L?@?rgﬁg%adggfd&l’(gé?@&@@r Inwgngdgxsloéacm l\@écblﬂl% nﬁ.ﬁ&n(ﬂr?nctizltgbe%g?fﬁ? ) in

stirred at mlc{selém%@mrry in M@tﬁw@ @9) ||S§dd€1@érd1e W'Omﬂ%ﬁbkséuif@de%&drfﬂié@ ed with
DCM (3x) , @bﬁéﬂg%ggn Bnfos gh AR ARNGRRY T RBULNHohe AYRAG g SUT ©-

Purlflcatlon | ash % EtOAC I n I ves 37a3. P
Conpound 537a®r¢u§ht9eilt@ andraeseddherergdwih M@@zﬂ Erﬂjrattfht? Cpﬂ@ﬁ!’é@éﬁde hef Step

2000/ 076747 BERMEIDEOH OBET} AR ToR0 (R TR S |

OVe Step 1 Oaffoke118I7a2 O 38x1 0 Step 2 CF3 CF3 0 CO2H I 0 COOve Owe |
| ~Ove Step 3 N NCOw G Owe 3002 0 38a2 O
EXAMPLE 44A

10  Preparation of intermediate 44a4

Cﬂ 0]
O)* step 1 JW< Step2 / B Tstep3

/
44a1 44a2

44a4
44a3

Reference: Loren, J.C.; Krasinski, A.; Fokin, V.V.; Sharpless, K.B. Synlett 2005, 18,
2847,

Step 1:
15 To a suspension of chloromethyl pivalate 44a1 (20 mL, 186 mmol) in water (37 mL)

is added sodium azide (18.1 g, 279 mmol) and the mixture is warmed at 90°C for
about 12 h. Additional water is then added and the phases are separated. The
organic layer is passed through a filter funnel containing MgSO, to afford the azide
44a2.

20
Step 2:
The azide 44a2 (100 mg, 0.64 mmol) and cyclopropylacetylene (54.7 mg, 0.83
mmol) are dissolved in tert-butanol (0.5 mL) and water (0.5 mL). An aqueous
solution of copper sulfate (0.3 M, 0.43 mL, 0.13 mmol) is added followed by an

25  aqueous solution of ascorbic acid sodium salt (1.0 M, 0.51 mL, 0.51 mmol). After
stirring for about 16 h at RT, the mixture is diluted in EtOAc and water and the
phases are separated. The organics are washed with a 5% aqueous NH,OH/brine
solution (2x), then dried over MgSQ,, and the solvent removed in vacuo. The oil

corresponding to 44a3 is used as such for the next step.
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Sc N Step 1: The al dehyde 37a2 (1.30 g, 2.30 mml) is dissolved in MeOH (25
m-) at OC and NaBH4 (104 ng, 2.76 nmol) is added. After being stirred for
about 1 hyoth@/a7emcti on is quenched with a saturated aguemaowsaioztoron of
citric acid and extracted with 5 EtQAc (3x). The organics are dried over
MySO4, filtered and concentrated. Purification by conbiflash gives al cohol
38al. Step 2: The al cohol 38al (700 ng, 1.23 mmol) is dissolved in DCM (15
m.) and thionyl 10 chloride (0.19 nL, 2.59 mmol) and a catal ytic anount of
DVF (10 L) istepdded. The reaction is stirred at RT; then successively
washed wi th @ saturated a&trjeous solution of citric acid, NaHCO3 and brine.

The or gani csTathe asterddas (2 ma 0568 mmal) in MaQld (k) iseddes aaugava NaRief!

reduced presguf fL, T%ag%@ rE40tieR iiGinddas: dbdut SRS FE GRerhduiralifeds ur t her
purification. m crowave tube, the chloride 38a2 (75 ny,

0.13 mml) nefltfpaqqus(br@é‘syle&lnmvlﬁmf(ngl) and dtﬁr&g@@s\wewhsﬂww%ge&faﬂ?ﬁ%m of
Ar while so

S (111 but y| SYARRTT: Ay Aract whierbrigh SRgine bl s pomgved undey edosd ¢
13 20 nol) Hsrea%idedﬂmmuwlm@ll @thﬁépb@,dl@@@lw4a$ldsqﬁﬂs $uehnmi crowave at 125C for
20 mn. The mxture is diluted in Et CAc and washed wth water (2x) and
brine (2x). The conbined organics are dried over MgSO4, filtered and
concent r at edEXAMRLEc4Bde residue is passed on a short silica gel columm

(20% to 70% Et QAc_.in Er@ge nost 108 WD 2009/ 076747

PCT/ CAZO{PB g'?f@?at'oqw%uﬁc)'?ée%"f he conbi ned fractions are concentr at ed.

The resulting yellow oil is re- dissolved in THE (1 nmL)/MeCH (0.5 L)/ H20

(0.5 n) and NaOH (10 N, 0.13 ni, o 3 rrm)l) i s added. When conpl ete, the

reaction is neutralized %&h ACO%@EVCH nffect ed onto a preparative HPLC to
t

i solate 3002. 5 Prep Q@Eﬂ 005 and 3006 CF3 CF3
F =N
Me

OMe o o
R Step 1 44b1 .
1a10

on

Compound 44b1 is generated via the reaction of 1a10 and chloropyridine 5a4 using

the procedure of Step 1, Example 9A.

15  Step 2:
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OCoOw OCZH Owe oMe Step 1 a NC Ow ~N Owe 38a2 0 Nr/N 3005 CF3 ~
O/ CxH/ 11 O N NOw |l O N 3006 Step 1: 1,2,3-Triazole (15 L, 0.13
nmol ) i s wodea/t7e74a suspensi on of NaH (60% w w, 10 10 mgI/d22@&/00m0F) in
THE (0.5 nL) and stirred for about 15 mn at RT. This mxture is
transferred to a solution of chloride 38a2 (75 ng, 0.13 nmol) in dry DVF (1
m.) and is stirred overni The m xture is partially concentrated under

reduced preshuthe al@ﬁmdpﬂéb‘gﬂk%’i Bed1bmngl) in MeQfd (2% k) ¢ifledrat @:ﬁ iscifldsg
conbi f1ash (IQQ%/ @géﬁ&%@h@ﬁﬁ V\Vhenhﬁéreeacﬂ-&pls%%%é %2 @aﬁ@rafe%%\ﬁ@&%d

cor r espondi ng i“Someri’c triazo internediate. After being
combi ned ands@dienefitria 2cid iseaggiad | Theanbriuie istaxirpgted yéth QA6 3X) r&iedio¥8ol ved i n

THE (2 m)/ M@I&‘(r)é]an@tc)o nBEH- OB i Gitibh b c&%bﬂﬁésﬂ_ﬁm%/Ef@W& hsistoaddgd. When

conpl ete, eac ‘action is neutralized and 1njected onto the
prepar at idve &fRirds 44b2.sol at e 3005 and 3006. 20 EXAMPLE 40A Preparation of
conmpounds 1121 109 WD 2009/ 076747 PCT/ CA2008/ 002107 CF3 CF3 \ 0 / | COOwe
0O~ / COOv OO /N\ ~N\ NO Step 1 N

Step 3:
To a chilled (0°C) THF solution (2 mL) containing the alcohol 44b2 (100 mg, 0.17

mmol), PPh; (54 mg, 0.21 mmol) and triazole 44a4 (28 mg, 0.21 mmol) is slowly

10  added DEAD (38 uL, 0.21 mmol). The reaction is allowed to slowly warmed to RT
over about 16 h. When the reaction is complete, the solvent is removed in vacuo and
the crude residue is directly purified by combiflash (hex / EtOAc, 15% to 50%) to
afford 44b3.

15 Step 4:
The saponification using 1 eq of NaOH is performed using the procedure described

in Step 2, Example 32A to give 1167 as the sodium salt.

EXAMPLE 44C

20  Preparation of intermediate 44c2

/
4422 JN

Step 1:
In a sealed tube, azide 44a2 (1.50 g, 9.54 mmol) is mixed with 1-(trimethylsilyl)-1-

propyne (1.61 g, 14.32 mmol) in DCE (6 mL). The mixture is warmed at 80°C for
25 about 16h, then the solvent is concentrated in vacuo to afford triazole 44¢1 which is

directly used in the next step.

Step 2:
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Cl 9a3 IN40a1 0 Ovw Ow 1 Step 2 CF3 0/ I CO2H iN\ NO N 1121 Ow
Step 1. Conpound 9a3 is transfornmed to conpound 40al using the procedure of
Step 1, wwanplEeROA. 5 Step 2: To the nmethyl ester 40aPCfZA20ap/00Zh7nol ) in
MeOH and THE (1:1 m xture, 1 m-) is added an aqueous NaCOH solution (1.0
M 41 L, 41 nol). The mxture is stirred for about 2 days at RT, and then
wat er i s added. The aqueous layer is washed with 10 Et20 (2x) and

| yophi | i zed. Trrassle#tgdoid P fl%lmml)q@élﬁ%{mdﬁeﬂ\@ﬁ%ﬂ% ReHathNaPY sebdiPtim  sal t

j EXANPL e oH CF&l N
CF& N O 0 Fag Ar\#géﬁpa]r AIGS AP IHE feachin® sifieqdt I||§T1: Rt e Srel

(72 ngy, O. 1ozhmvsntn%cmcgsmte@und¢f r%@ad(%eawr%toaﬁfardlm%cmﬁﬁ@a@dﬁ(5o ng)
i s added. Thg,m X leQobRinsidif red for about 1 h under a balloon atnosphere
of

5

EXAMPLE 45A

Preparation of compound 1170

COOMe COOMe
Ké/ @[ OMe Step 1 :@i OMe
N N
OMe cl OMe
‘S

44b2 0 45a1 O
-
=\
Step 2 N N Na®
44c2
CF, CF,
COOMe
N o X o COOMe
| | OMe Step3 | OMe
OMe OMe
N N
N N 0 N N 0
\ /) (:[)§ >\ /(

—si
45a3 7\

l Step 4
3
COH
SN [0}
4<:0Me
: ,L OMe

W

Step 1:
To the alcohol 44b2 (105 mg, 0.18 mmol) in DCM (2 mL) is added thionyi chloride

10 (28 uL, 0.38 mmol). To this solution is slowly added DMF (50 uL) and the reaction
proceeds at RT for about 1 h. A saturated aqueous solution of citric acid is then
added and the layers are separated. The organics are successively washed with a
saturated solution of NaHCO; and brine, dried over MgSQ,, filtered and
concentrated to afford chloride 45a1 which is used as such for the next step.

15
Step 2:
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110 WD 2009/ 076747 PCT/ CA2008/ 002107 hydrogen. The m xture is filtered
through Celite(r) and concentrated under reduced pressure. The crude
resi due iworeesdizesiol ved in DMSO (3 nml-) and water (0.5 mCYX/CA20d3302QUEOUS
NaCH (10 N, 50 L, 0.50 mmmol) is added. \Wen conplete, the reaction is
neutralized with AcOH and injected onto the preparative HPLC to isol ate

1133. %I\/{DLE 42A Pre ar at n OEz%Orﬁ%H%nd 4#1%%8G3@p%§m@\9§%‘?815x B o N O/

Ove C 1 0 2phy tﬂ%&a%t.ﬁad 3t RERVOPIGHE Theadixiure Q%Iﬂ@tédﬁreEtOAcﬁaﬁdWasﬂ'@aCtl on
of 2a5 (715 23 mol ) using the

e 5
procedure of W rr%ﬂ watef Q’ﬁ)@&ﬁ%f'@e Q@Apd»;'eﬁ@"%”t'\ﬁ%géﬁ(fﬁ rﬁp%gﬂt‘:@”‘&ﬁmriaf&r de 42al
(56.7 ny, 85F61|2Jv0m plHfiRARIn mﬂla(sﬁzh@mm@grepmp(hmtﬂomd5%(16910%71 glar bonat e

(184 ny, 57 nmml ) is prepared in an t ol uene is mxture
i s soni caft ediSaRE B iegels ”?tS edrige arfds‘%tﬁd\m SémﬁafchBéfh -@LF%&?BH'@F%”& 20
Ar. To this firkbtédparsteddlaPprepiratidi HPLGAaReaéss folardration Sorigsbondtd Bl NAP
(8.0 ng, 13 m)l) and the heterogeneous m xture is further sonicated/ purged
for about 10493%n upon which tinme it solubilizes. The reaction is placed at
reflux for about 16 h, cooled to RT, then EtOCAc is added and the m xture
is washed with a saturat ed aqueous soI ution of NaHCO3 (2x). The organics
are dried ovéﬁ%sm and 25 concentrated. The crude residue is re-dissolved
in THE (4o mTé%nG&uﬁdWShéW E 24 Qmél iH THIF ensLNa@daéd FBNF (89 Mrin 0. 85
mol ) is added. Wien conpl ete, e reac ion is neutralized with AcOH and

i nj ected ont ®HFNED pk., e7r§)arra¢l?|) \Yéhmgre@tlpsdﬂ camplatebe solventyepoyed 076747

PCT/ CA2008/ 002107

and the crude residue containing 45a3 is used directly in the following step.

Step 4:
15 Compound 45a3 is transformed to compound 1170 using the procedure of Step 2,

Example 32A.

EXAMPLE 46A

Preparation of compound 4001

8nO COOMe COH HO CO,H
Lo J@E w L
OMe Step1 P OMe F
[¢] [e] \O)YCF:’
“““ o 129 \\-"' 46a1 \\‘n 46a2 oF
‘——) 3
Step4t \’)\[/

N s N Step 3
CF 46a3

Meow)\(o COH
| | OMe
F AL
O)% OMe
4001
20 Step 1:

To compound 1a9 (101 mg, 0.20 mmol) in THF (2 mL)/MeOH (1 mL)/water (1 mL) is
added aqueous NaOH (10 N, 0.2 mL, 2.0 mmol) and the mixture is stirred at RT.
When the reaction is complete, AcOH is added to neutralize the reaction and
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EXAMPLE 43A Preparation of conmpounds 1160 and 1161 CF CF 0 | COOwe I \ O

CoOM T N~ \NHNStep 1i v NHOHO 11a5 ?---- 43al OH Step 2 CF3 0
CO2H CF3 w0200 U N~O St NI N OV 1160 0 ~ ~O 4322TCA281800247CF 0 |
C2H IiNNO 1161 0", . C 5 Step 1: The diol 11a5 (221 ng, 0.57 mol)

i s dissolved in DMF (3 ni) and cooled to OC. AIIyI lodide (0.11 ni, 1.20
mol ) and sodi.um h 50/ u ssi vely added
2nd 1 he i xt ST P PPuce dderied et Bisstiredo ATowLg Ge 48T R ¢ ne

m xture is editgctigircttle wekttstdpCM (3x) . The organi ¢ phases are dried and 10
concentrated. The crude residue is purified by conbiflash (hex / EtOAc, 15%
to 25% to afford aniline 43al. Step 2: Conpound 43al is transforned to
conpound 43a8tepsi:ng the procedure of Step 4,

5  The crude 46a1 (98 mg, 0.2 mmol) is dissolved in MeOH (3 mL)/EtOAc (5 mL) and
activated Pd/C (10% w/w, 10 mg) is then added. The mixture is purged and filled
with an atmosphere of hydrogen. When the reaction is complete, the mixture is
filtered through a pad of Celite®, rinsed thoroughly with MeOH and the filtrate is
concentrated. Acetonitrile and water are added and the mixture is lyophilized to

10  afford 46a2.

Step 3:
Formamidine acetate (15.3 g, 147 mmol) and 1,3,3,3-tetrafluoro-1-methoxy-2-

(trifluoromethyl)prop-1-ene (20.8 g, 98 mmol) are mixed in DCM (100 mL) and water
15 (100 mL) at 0°C. To this vigorously stirred mixture is slowly added aqueous NaOH (6
N, 71 mL, 424 mmol) over about a 30 min period. Stirring is then continued for about
35 min. The layers are separated and the organic layer is concentrated. The crude
residue is purified by bulb-to-bulb distillation (80°C, 3 mmHg) and purified further by
Vigreux distillation under reduced pressure to afford 46a3.
20
Step 4:
Pyrimidine 46a3 (55 mg, 0.28 mmol) and phenol 46a2 (112 mg, 0.28 mmol) are
mixed in DMSO (2 mL) along with K,CO; (132 mg, 0.96 mmol). The mixture is stirred
at RT for about 15 h, and then stirring is continued for about 1 h at 60°C. The mixture
25  isfiltered to remove the solid residue. The filtrate is acidified with AcOH and injected

onto the preparative HPLC to isolate 4001.

EXAMPLE 47A

Preparation of compound 4008

COOMe coon
OMe q
—_—

Step 1

OMe
E)/k OMe OMe
e 2a5 - 4008

118



15 Exanple 7A. Step 3: Conpound 43a2 is transfornmed to conpound 1160 using
the procedure of Step 2, Exanple 32A. 20 112 WD 2009/ 076747

PCT/ CA20080Q0®1006747St ep 4: Conpound 1160 (18 ng, 31 nol pciracadiesgobwed in
MeOH (3 m -) and activated Raney Nickel (50%slurry in water, 20 ng) is
added. The reaction flask is purged and filled wth a hydrogen atnosphere.
After being stirred for about 1 h, the mxture is filtered 5 through
Celite(r) angtepilased t hor oughl'y with MeOH. The filtrate is concentr at ed;

the residueaingixtlfs éﬁém@ 100 MRt @06 Mk, stHyFs REak U (81 Mg odi sc,
t hen | yophilized to&é ford ( M\@EXANPLE 44Ay’.i|0 éa*kgt i on (o &

i nt er medi at €0-38 gymolcandPRi: (CDO@)”'Q 881mme)) grepixed i '§t'| 2 Bbangcooledatnon

44al 44a2 \ fo lig A
Lol 2, DG IR B3 Bt i o foshonk's

sus pensi an o$tlrte|ql|abPd'rré\t’lm|re@walsawedmgommetenapnveﬂrslen nfrmlc?saam wiicage( 37 nl)
| s added SOdétﬂﬁ@rﬁcﬁ é%ﬁ’( é&d%djar@ sofvent @?&W)Vé’?ﬂﬂﬂ(?te dflaé& HFe‘és%as‘fﬁé degeat 90C

for about 1 Ional water 1S then es are
separ at ed. Thredudigawicidy pagsed onsg qalw@wdjcqlmo@,wnamthIatrelwturmfrmx/&t@ﬁpai ni ng

MySO4 to af f@b% trohi%%a)ztb g&noéllrﬁgst o?gwe%iﬁper%fphosphine oxide. The combined
fractions are combined and concentrated under reduced pressure. The residue is re-
10  dissolved in THF (2 mL)/MeOH (1 mL) and NaOH (1N, 1 mL, 1 mmol) is then added.
When complete, the reaction is neutralized with AcOH and injected onto the

preparative HPLC to isolate 4008.

EXAMPLE 48A

15  Preparation of compound 4010

“““

Step 1:

A suspension of 2,4-dichloro-5-(trifluoromethyl)pyrimidine (50 mg, 0.22 mmol), N-(2-

methoxyethyl)methylamine (20 mg, 0.22 mmol) and K,CO; (90 mg, 0.65 mmol) is

prepared in DMSO (2 mL) and stirred at RT. When the reaction is complete, phenol
20 46a2 (81 mg, 0.21 mmol) is added and the mixture is warmed at 65°C until the

reaction is complete. When complete, the reaction is cooled and filtered through a

microdisc to remove unsoluble material, then the homogeneous solution is

neutralized with AcOH and injected onto the preparative HPLC to isolate 4010.

25 EXAMPLE 48B

Preparation of compound 4021
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The azi de 44a2 (100 ng, 0.64 mmvol) and cycl opropyl acetyl ene (54.7 ng, 0.83
nmol ) are dissolved in tert-butanol (0.5 m-) and water (0.5 nmL). An
aqueous Wwolavwon740f copper sulfate (0.3 M 0.43 ni, 0. P8Tramzb)s/osioadded
foll owed by an 25 aqueous solution of ascorbic acid sodiumsalt (1.0 M
0.51 nmL, 0.51 mmol). After stirring for about 16 h at RT, the m xture is
diluted in Et QAc and water and fhe phases are separated. The organics are
washed with a 5% aqueous NHAOH prine solution (2xF, then dried over MySO4,

and t he sol vent ftfenoved o.o’The oi | rrW@ﬂ chga3 is used as
@‘7}‘5674 / 008/ 0 @Re 3: TO

such for the n
ng, O 4¢ in Me rrL')'

the ester 44a3 | 1(@_
N 1 n, 1 mml he react.i Wer ed sfepr abo 30 RTFomt hen

m Ll
i | (1|\/l 1, 1meVE te@inwater.
The mixture is extracted ™\ EfPAc (3x), washe e,s0zri ed and the
sol vent is renoved under reduced pressure. The cr Ude 0|I corresponding to
44a4 is used_as such. EXAMPLE 44B 10 Preparati on of conpound 1167 CF3 Cl
CF3 HO a, _, OCOOV FNOwW NI i NOw 0 5a4 FNOw OOw 0 44b1

Step 1 lal 0 Sts@ppehsiin dfiiG-dithibroddhadfiudtbmERd)pytidibe (750 Me 35 niindl), COOMe Ok
O 1E

morpholine (33 mg, 0.38 mmol) and K,CO; (144 mg, 1.04 mmol) is prepared in
DMSO (2 mL) and stirred at 60°C for about 6 h. When the reaction is complete,

5 phenol 1a10 (30 mg, 0.073 mmol) is added and the mixture is warmed at 100°C for
about 20 h. When complete, the reaction is diluted in water and the mixture is
extracted with DCM (3x) and concentrated. The residue is then dissolved in THF (2
mL) / MeOH (1 mL) / water (1 mL) and NaOH solution (10N, 75 pL, 0.75 mmol) is
added. When complete, the mixture is filtered and the homogeneous solution is

10  neutralized with AcOH and injected onto the preparative HPLC to isolate 4021.

EXAMPLE 49A

Preparation of compound 1124

COOMe COOMe
——>
OMe Step 1 OMe
42a1 | 49a1 OA

CcooMm
S O COOH 49a3 e
Ny {OME DL O“"e
/ @ OMe  Step3 O/k OMe

4922

5
Step 1:
Copper (l) iodide (28 mg, 0.147 mmol) is added to a dioxane (2 mL) solution of
iodide 42a1 (195 mg, 0.286 mmol), dibenzyl malonate (207 pL, 0.829 mmol),
picolinic acid (35 mg, 0.286 mmol) and cesium carbonate (382 mg, 1.172 mmol).

20  Argon is bubbled into the reaction mixture for about 2 min and the reaction vessel is
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NN NFN-Step3 iNF//~~\\ \ N~ Ow OH O\ 44b3 0 44b2 Step 4 CF3 N\ O
/ C2H NONi NF\ I NOw ~Ow 1167 0 . 13 Step 1: Conpound 44bl is
gener at edwoi2ao%die7areact i on of 1al0 and chl oropyri di ne 5a¢TUCN20G$/002 toe
procedure of Step 1, Exanple 9A. 15 Step 2: 114 WD 2009/ 076747

PCT/ CA2008/ 002107 To the al dehyde 44bl (1.25 g, 2.14 nmmol) in MeOH (20

m-) chilled at 0OC is added NaBH4 (98 rrgf 2.6 mmol ). Wien the reaction is
conplete, a g%aleﬁmcbmeaé%ewscfgranI%h hesfieggtian ra'estwae iscogiedde RTtRe

m Xxture is e r4i bRATHEL at ed.
PurT 1 at | on oS cithe Kot B el @ ng, G iy AN b e e e Ko e

3: To a chi |afwt(2©@) Themideeds Femeq to Rwde}'U'@érY‘t'tﬁl%lUﬁ@U%?ﬁiurétqgcﬁWPOQ!WE?Z (100
g, 0.17 ol @b‘?’n%%d @tra&e(e@qwtﬂﬁlb)\c (123@5(5 HL?Weecoﬂfbﬁféed(&éaﬁ@ 0.21

mml) is slowy . The reaction is all owed
to sl ow yo waPhasesee msfﬁ@ucawlmtwquméﬁsqth@t%m%HICE@OB%,{? &, the

solvent is r i dfiter&S hAWiorice ﬁlété@@haeyr Bdidelii ed by
conbi f | ash (ﬁ””’x’%?”%é%%\‘ém bﬁggm’%hﬂag Ok e T A aricen 4 Th

The
saponi f i cat i Bies#gPnEhelcTEge fﬁS'CN&G-Id'iS%O'Y%* 'f‘&*@’é'd@lﬁ]‘-h@o 'teﬁé'vﬁlp Sé%ﬂ@r/eW/W

22?; cribed iy RighPrie reftRAMagKk R%ab@ated ¥Rd Al haRR with By&@gen' B &Rlokphdr$AVPLE
pressure. The mixture is stirred at RT for about 4 h, filtered through Celite®, washed

10  with EtOH and heated to 80°C for about 1 h. The reaction mixture is concentrated

under reduced pressure to afford crude 49a1 which is used directly in the next step.

Step 2:
49a1 (214 mg, 0.35 mmol) is dissolved in DCM (8 mL), followed by the addition of

15  oxalyl chloride (0.3 mL, 0.2 M in DCM, 0.60 mmol) and DMF (0.01 mL). This mixture
is stirred for about 1 h at 40°C, then concentrated in vacuo. The residue is
redissolved in DCM (10 mL) and then CH,N, (6.0 mL, 0.12 M in Et,O, 0.72 mmol) is
added dropwise. The solution is stirred for about 30 min and then concentrated in
vacuo. The yellow oil is redissoved in THF (20 mL), cooled to 0°C and HBr (0.1 mL,

20  48%, 0.93 mmol) is added slowly. This is stirred for about 20 min. Saturated
NaHCO; is slowly added and then the reaction is diluted with EtOAc, washed with
H,0 (1x), NaHCO; (1x), brine (1x), dried over MgSO,, filtered, concentrated in vacuo
to yield yellow oil 49a2.

25 Step 3:
The bromide 49a2 (80 mg, 0.12 mmol) is dissolved in /PrOH (3 mL) and the thiourea

49a3 (19 mg, 0.18 mmol) is added. The mixture heated at 70°C for about 4 h. The
mixture is cooled to RT, then NaOH (0.2 mL, 0.25 M) is added and stirred for about 2
h. The mixture is diluted with AcOH and purified by preparative HPLC to yield the

30 desired compound 1124.

EXAMPLE 50A

Preparation of compound 1127
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20 Preparation of internediate 44c2 / / N3 O -Si- -sl- OStep 1 N Step 2 N
44a2 J ~N NON Na O 44c2 44cl O Step 1. In a seal ed tube, azide 44a2
(1.50 g, woRdoamTel4y is mxed with 1-(trinmethylsilyl)-1-prporaazoes/00ioél g,
14.32 mmol ) in DCE (6 nL). The m xture is warnmed at 80C for 25 about 16h,
then the solvent is concentrated in vacuo to afford triazole 44cl which is
directly used int next step. Step 2: 115 V\D 2009/ 076747

PCT/ CA2008/ 002107 |azoI eoo%cl (1.9 g 7. (95 narrgl) |%o&|,pessol ved in MeCH
(14 m) and NaCOH 01\ 1.55 qged The
reaction is stirr bom—rﬁ'h "éol concentrat ed
under reduced pressure ’;K e t héerér ude trigzol Oes t he sodi um
salt. 5 EXAVMPLE 45A Pre tion of conpound 1 ¢ 4OCC]VE 0 C N Ow
Step 1 NNOHF ~Owe G 44pb2 0 45al1 0 -Si¥ Step 2 ' NN Na
l Step 2
—N
}- Br CF

OMe

3
N COOH O X o) COOMe
OMe | OMe
{ -~ ~N N{
OMe Step 3
[¢] o}

50a2

\“‘

Step 1: Compound 42a1 is transformed to compound 50a1 using the procedure of
Step 3, Example 28A.

Step 2: Compound 50a1 is transformed to compound 50a2 using the procedure of
Step 2, Example 49A.

Step 3: Compound 50a2 is transformed to compound 1127 using the procedure of
10  Step 3, Example 49A.

EXAMPLE 51A

Preparation of intermediates 51a3 and 51a4
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44c2 CF3 F3 Y O COOMe O/ COOMe Step 3/ NI O N\ NOw FN F 0 Ow
"N\ NCOB N N O N JO 45a3 45a2 Step 4 4:0M N~ N OW N' N 1170 O
Step 1. Twoth@/@bmohol 44b2 (105 ng, 0.18 mmol) in DCM @eTrdAzodsmoamded
thionyl chloride 10 (28 L, 0.38 mml). To this solution is slowy added
DMF (50 L) and the reaction proceeds at RT for about 1 h. A saturated
aqueous solution of citric acid is then added and the |ayers are
separated. T g o] gaeb(g;\,g are successively washed with a satur%gjghg sol ution
a

of NaHCGO3 an ~drigd over MgStH, filtered an ed to afford
chl ori de 45al used as suc cthe®hbxt s ep M6 wWo
2009/ 076747 P&T/ 0 10# Th CH ori de 45all mj, 0.2 . and
44c2 (53 nyg, Q 30° Ny are mxq NDVF (2 m-) and stirré N
overnight. ThHe mixtufe {s diluted iz Et OAc and washed®#hith watler )(2x) and

—

brine (Ix), dried ove S, filtered and concentrated. Follo ol
purification by flash chromatography (hex / EtOAc, 15%to 40%, all 5

i someric triazole intermediates are isolated in the sarfe fraction. These
isoners are further separated on a preparatlve HPLC. he Iess pol ar
fraction corresponds &0 45a2. St ep 3: 10 To the conpo nd>#3a2 (17 nmg, 23
nmol) in THE (1 m-) i addedT gloMln

CF,
OMe
COOMe
51a3 / N\ Step 3 =z o
| OMe
c OMe
CF, 0 N
_ o COOMe 51a2 /A
| jij[ OMe =N
HO N N{
o N OMe
51a4 / N
—
Cl

Step 1:
To a solution of iodide 5a3 (191 mg, 0.62 mmol) in DMSO (3 mL) is added CsCO;

(216 mg, 0.66 mmol) and 23a1 (189 mg, 0.44 mmol). This is stirred at 75°C for about
5 4 h and then cooled to RT. The mixture is washed with water and brine, dried over

anhydrous Na,SO,, filtered under vacuum and concentrated. Purification by flash

chromatography using (20:80 to 60:40) EtOAc/Hex affords an off-white solid 51a1.

Step 2:
10  To a solution of 51a1 (256 mg, 0.37 mmol) in dioxane (3 mL) is added

tributyl(vinyl)tin (0.14 mL, 0.48 mmol) at RT. The solution is degassed by bubbling a
balloon of Ar into it. Dichloro-bis(triphenylphosphine)palladium (26 mg, 0.04 mmol) is
added and the reaction mixture is heated at reflux for about 1.5 h. The mixture is
concentrated and purified by flash chromatography using (10:90 to 70:30)

15  EtOAc/Hex to obtain 51a2.

Step 3:
To a solution of 51a2 (181 mg, 0.30 mmol) in water (0.5 mL), acetone (2 mL) and
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THF, 70 L, 70 nol). Wen the reaction is conplete, the solvent is renoved
in vacuo and the crude residue containing 45a3 is used directly in the
fol | ow ngwetze@/076¢8rep 4: 15 Conpound 45a3 i s transfornmeacraAaorsmpoemd 1170
using the procedure of Step 2, Exanple 32A. EXAMPLE 46A Preparation of
conpound 4001 BnO COOMe BnO/ CO2ZH HOCOZHF \ NOw FNOw F\ I N Ow

-C St 1 --Co CF3 Cl

MO F St egVeQH (%WNCEI éﬁ’ SOSE@F%“ %S%%(?e%‘%% 'tfc%'t?a'r\'? a”‘%NM@(éoF ~OMe o

ﬁg?/l t20 SEiﬂa glo.34 mm&ag%lmdhibaesﬂr%atm fo@aB&Jth)h)de‘Urﬂ' pEriddateri)/ g/eaﬁ (1
wat er added aqu us

mxture is s'PQ’r(% %:ﬂ"%@')l:\‘?the’\/%’é’ﬁgtaﬁg “?%élefg mﬁur’eés §t5Fﬁ?I %[I%I' f%m@#'t)@ nddfadet 0

neutralize tH feBdidn Mture B pblired\Eo2DORRTERITSbILLIBR B MSMQM%MSO' vents
are renoved under reduced e ESsur g?_ht o afford crude ich i % grme

directly 5n tf‘ﬁ'éeﬁt@&teds‘ﬁ”gb %ce(ﬁx)z e organic layers are com med washed wi

dried over anhydrous Na,SO,, filtered under vacuum and concentrated. The residue
is dissolved in MeOH (2 mL) and NaBH, (58 mg, 1.5 mmol) is slowly added and
stirred for about 1 h at RT. The reaction mixture is poured into a saturated solution of
aqueous NH,CI and then extracted with EtOAc (3x). The organic layers are

10 combined, washed with brine, dried over anhydrous Na,SOy, filtered under vacuum
and concentrated. Purification by flash chromatography using (30:70 to 80:20)
EtOAc/Hex yields a mixture of aldehyde 51a3 and alcohol 51a4.

EXAMPLE 51B

15  Preparation of compound 1132

OMe
\

0 COOMe
7
| OMe Step1 COOH

O A N E N{

OMe OMe

N AN N F

/ A\
—

51a3 1132

cl /

—.

Cl

Step 1:
20 Compound 51a3 is transformed to compound 1132 using the procedure of Step 5,

Example 5A.

EXAMPLE 51C
Preparation of compounds 1135
25
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5 The crude 46al (98 ng, 0.2 mml) is dissolved in MeOH (3 nL)/Et QAc (5
m-) and activated Pd/C (10% ww, 10 ng) is then added. The m xture is
pur ged amsiof2oddigar47wi t h an at nosphere of hydrogen. WhenPpPChaAzemm2on i s
conplete, the mxture is filtered through a pad of Celite(r), rinsed

t horoughly with MeCOH and the filtrate is concentrated. Acetonitrile and
wat er are added and the m xture is lyophilized to 10 afford 46a2. Step 3:
For mami di ne acetat&§™{15.3 g, 147 mmol) and 1,3, 3, 3-¢etrafl uoro- 1- net hoxy- 2-

(trifluoronethyl) - 20¥8 g, 98 mmol) are nixed in DQMd00 ni) and
t O o] -@Mevi gor e‘ﬁ'y stirfe I
, 424 mmo e ab

water 15 (100 mit) t m e 1s %LAOV\Ay
added aqueouf® , Ngir; od.
Stirring is then continuedocf goeet 35 min. yer's are jse i ed and
the organic |layer is%bncentrdted. The crude residuesics pultTiy by

bul b-to-bul b distillation (806=8 mtHg) and purified further
distillation under reduced pressufe to afford 46a3. 20| Step 4:
46a3 (55 ng, 0.28 mmol) and phenol 46a2 (112 ng, O0.28 k) are mxed in
DMSO (2 nmL) along with K2CO3 (132 ng, 0.96 mmol ). The mxture is stirred
at RT for about 15 h, and then stirring is continued fpr about 1 h at 60C
The m xture 25 is filtered to renove the solid residue' The filtrate is
acidified with AcOH and injected onto the preparative HPLC to isolate
4001. EXAMPLE 47A Preparation of conmpound 4008 HO / ¢€0Ove O COCH \ I N Owe

\' I O Step 1 NOWw ~Ov 0 0O 2ab 4008 118 WO 20Q9/6 COOH
PCT/ CA2008/ 002107 Step 1: N2 | OMe
e at
OMe
1135 _

Cl

Step 1:
Compound 51a4 is transformed to compound 51¢1 using the procedure of Step 2,

Example 38A.

Step 2:
Compound 51¢c1 is transformed to compound 1135 using the procedure of Step 3,

Example 38A.

10 EXAMPLE 52A

Preparation of compounds 1147
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A m xture of phenol 2a5 (100 ng, 0.25 mmol), 3-hydroxytetrahydrofuran (31
ng, 0.36 mmol) and PPh3 (100 ng, 0.38 nmol) are mxed in THE (2 nL) and
cool ed atwoQ@e/@AD (70 L, 0.38 nmol) is slowy added ovemr/Ga2008t001107mmi n,
and the reaction is 5 stirred at RT. Mire reagent is added to conplete
conversion if necessary. Silica gel is then directly added and solvent is
renoved under reduced pressure. The crude product is quickly passed on a
silica gel col unf gluting wth a mxture et, hex/ EtOAc  (20%to 70% to

renove nost of (th enyd phosphi n@oxi 0 ewmbi ned fractions are
conbi ned and ¢onek under_reduce rees Theesidue is re 10

di ssolved in THE (2 ni) H (1 gy and NaOH" ( 1 N)) M., 1 nmmol) is then
added. \Wen conplete, t eaction is negytral W th AcOH and injected

onto the preparatfVe HPLEtq isol ate 4008. EXANPLE 48A 15 Preparation of
conpound 4010 CF3 CF HO 3 COOH O COON Cl Ove \| / (( O N N Step 1 F N~
Ok 0 OVt Cl 46a2 4010 MeO Step 1: A suspensioff*of

2, 4-di chl or o- 8! trigluoromathyl)pyrimdi ge €50 my, 0.22 mmol), N-(2-

met hoxyet hyl ) ngt hyl 5h10ne (28Hm, 0. 22 ool ) and K2€88 (90 ng, 0.65 mmol) is
prepared in 23 ds bered at [RT] \ eer tion is conplete,
phenol 20 46a2 F O @I) Lg, addedand thelmxture is warmed at 65C

ST When conpheet emor eaction is cool ed and

until the reactigp is
filtered through a mcradisc to renove unsol u material, then the

honbgeneous solution is neutralized with AcOH and injected onto the
preparative HPLC to isolate 4010. 25 EXAMPLE 48B Preparation of conpound

4021 119 Step 1:
Compound 25a1 is transformed to compound 52a1 using the procedure of Step 3,
5 Example 28A.

Step 2: Compound 52a1 is transformed to compound 52a2 using the procedure of
Step 2, Example 49A.

10  Step 3: Compound 52a2 is transformed to compound 1147 using the procedure of
Step 3, Example 49A.

EXAMPLE 53A

Preparation of compound 1152

CF, oF,
N N’CO - | _N ]@ OMe
A Step 1 HO F N4<:0Me
25a1 0)\0 53a1 O*o

CH, )
l Step 2

CF, CFs
H o COOMe
S N ° coo Step 3 o N
N | | OMe ep B | N OMe
/'\1 N ~N F N{ -— P E N{
O*O

15

OMe OMe
1182 | 53a2

W
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WD 2009/ 076747 PCT/ CA2008/ 002107 O CF3 CF3 HO/ O ~N \ OCOON C \ M
I M NOWw |l F~ OStep 1 Ow (NO) ,,, 1lal0 4021 Step 1: A suspension
of 2, 6-diwbl20000078M¢t ri f| uor omet hyl ) pyridine (75 ng, 0. 3Bcmran2ps/oommor phol i ne
(33 ng, 0.38 mmol ) and K2CO3 (144 ng, 1.04 mml) is prepared in DMSO (2
m-) and stirred at 60C for about 6 h. When the reaction is conplete, 5
phenol 1al0 (30 ng, 0.073 mml) is added and the mxture is warnmed at 100C
for about 20 h. \Wen conplete, the reaction is diluted in water and the

m xture is extracted with DCM (3x) and concentrated. The residue is then
dissolved in THE (2 m-) / MeOH (1 m-) /water (1 m-) and NaOH sol ution
(1 ON, 75 L, Step7s nmmol) is added. When conplete, the mxture is filtered

and the honpgereewsd 3541k traAsfbimddiont@tipoahd B8sh WdindthAgbtaanek ofigtest ed ont o
the preparative HPLC to isolate 4021. EXAMPLE49A Preparation of conpound

1124 CF3 TF3EXameledfe- e % coOMe O | i ~ N~ NO \ O Step 1 HO Me  42al
0 49a1 0 Step 2 CF3 N Noml CF3 S\ O/ COON 49x3 O OCOOMe N 41 1 1 iN N
OVe ES Br iN ~~Mve OMe Step 3 e

Step 2:

Compound 53a1 is transformed to compound 53a2 using the procedure of Step 2,
Example 49A.

10
Step 3:
Compound 53a2 is transformed to compound 1152 using the procedure of Step 3,
Example 49A.

15 EXAMPLE 54A

Preparation of compounds 1165

& coo
o COOMe N H
SR, SReW,
N N S 7 N
Step 1 N
cl
- O ¢ O
(E)Me 1165 OMe

20 Step1:
To the solution of 7-azaindole (15 mg, 0.13 mmol} dissolved in anhydrous DMF (1

mL), at RT is added cesium carbonate (55 mg, 0.17 mmol) followed by the additon of
the benzylic chloride 9a3 (dissolved in anhydrous DMF 0.5 mL) is added, followed by
Kl (3.5 mg, 0.02 mmol). This is heated at 110°C for about 14 h, then cooled to RT.

25 THF (1 mL), MeOH (1 mL) and NaOH (1 M, 1 mL) is added and then this is stirred
for about 24 h at RT. The mixture is then concentrated, diluted with AcOH and
purified by preparative HPLC to yield the desired product 1165.
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15 1124 O 49a2 Step 1: Copper (I) iodide (28 ng, 0.147 nmol) is added to a
dioxane (2 m-) solution of iodide 42al (195 ng, 0.286 mmol), dibenzyl

mal onat e W@Q@09076@7829 mMmol ), picolinic acid (35 ng, 0P8 Amwsiop2mnd
cesium carbonate (382 ng, 1.172 nmol). 20 Argon is bubbled into the
reaction m xture for about 2 mn and the reaction vessel is 120 WO

2009/ 076747 PCT/ CA2008/ 002107 seal ed and heated at 70C for about 20 h. The
reaction mi xEXMWPLESSAsol ed to RT to receive nore copper (1) iodide (28 ny,
0. 147 mml ) ppgakdsh sEsompoinsiée 70C for about 20 h. The mixture is
cooled to RT, diluted with aqueous saturated anmonium chloride (50 m-)
and extracted with EtQAc (2 x 50 nL). The conbi ned organic 5 phases are
washed successiagely with aqueous saturajed sodi um bi carbonate (2 x 50 i),

brine (2 x 50 odri.etPo¥ver Na2SO4, f'\sl ered @od concentrated under
reduced presslr .:@fcr @ver esi due ifs ied tave Et OH (10 ml -) to
recei ve Pd/ C[(10%W w, ! Ysepdhe re €t iFonT 1 is evacuated and filled
back with hyfrogen Ws%ﬁeriw ¥essure omXfure is stirred at RT
for about 4 h, *fii|teced through Celyth(r¥ .

hed 10 with Et OH and heat ed
to 80C for about 1 h. The reaction’m xture is concentrated under reduced
pressure 40 afford crude 49al which is used directly in the next step.
Step 2: 49al (214 ng, 0.35 nmol) is dissolved in DCM (8 nlL), followed by
the additionS8R 115 oxalyl chloride (0.3 m., 0.2 Min DCM 0.60 nml) and
DMF (0.01 mipompBink m%tib"frﬁnsfbﬁn&ﬂo_rdoﬁ@oﬁﬁdWépﬁgiraglthg pRéceditfe ddsfed in
concentrated in vacuo. The residue is redissolved in DCM (10 nL) and then
CH2N2 (6.0 nBterdl, ExamplerP4: 20, 0.72 nmmol) is added dropwi se. The sol ution
is stirred for about 30 mn and then concentrated in vacuo. The yellow oil
is redissoved in THE (20 nL), cooled to OC and HBr (0.1 nmi, 20 48% 0.93
mol ) i s1@ddEYAMRLEAGA This is stirred for about 20 min. Saturated NaHCO3
is slowy ad igon is diluted with Et OAc, washed with
H20 (1x), mﬁ%‘gbﬁﬁ*ﬁgﬂ 1x ,dsgri ed over MgSH4, filtered, concentrated
in vacuo to yield yellowoil 49a2. 25 Step 3: The brom de 49a2 (80 ny,
0.12 mmol ) is déFssoI ved in iPrOH (3 m-) cand the thiourea

O coogle | N CO%H
| _N N F N
F N Step 1 N
c /N N/
56a1 — 1168 g “
H OMe
OMe
Step 1:
15  Compound 56a1 is transformed to compound 1168 using the procedure of Step 1,
Example 55A.
EXAMPLE 57A

Preparation of intermediate 57a1

CF
i HO coon o COOMe
F OM
H F Step 1 F N
OMe
o [e) 0 o OMe
srat 46a2 57a1

20
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49a3 (19 ng, 0.18 mmol) is added. The m xture heated at 70C for about 4 h.
The mxture is cooled to RT, then NaCH (0.2 nmL., 0.25 M is added and
stirred fwo20o16742 h. The mixture is diluted w th AcOprcarAzpasraotioed by
preparative HPLC to yield the 30 desired conpound 1124. EXAMPLE 50A
Preparation of compound 1127 121 WD 2009/ 076747 PCT/ CA2008/ 002107 CF3 CF3
O/ NCOOVv OO0 COOV iNI W iNW -C W Step 1 W OSCal 42al 1 Step 2
-N ~/-S CF3 $tepdF3 Np COOHO COOVe N/ \ a NW E | iNN-COV W Step 3

O 1127 O &hRgo Lﬁ"}oeﬁlall IS %B@la“taéleddﬁorﬁ besEHhEIURBS 371 senpedndbirzdal
usi ng the procedure of Step 3, | e 28A. 5 Step 2: Conpound 50al is

transf ormed the peesegeiei Sem?. 'i?@in?&be@ procedure of Step 2, Exanple 49A.
Step 3: Conpound 50a2 is transfornmed to conpound 1127 using the procedure
of 10 Step xaNpiggyee 49A. EXAMPLE 51A

5 Preparation of compound 3008
F F CF,
OMe
ﬂ N e
0 OMe
57a1

\“‘

Step 1:
Compound 57a1 is transformed to compound 3008 using the procedure of Step 3,
10  Example 5A.

EXAMPLE 57C

Preparation of intermediate 57¢c2

CF,
0 COOMe COOMe
H :@i one OMe
F ) et v
57a1
57¢1 .
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Preparation of internediates 51a3 and 51la4 122 WD 2009/ 076747

PCT/ CA2008/ 002107 CF3 HO/ COOWw CF3 0/ COOM \ ~ Owe Cl Step 1_ Il Ow

F N~/ | wolodd/Fe™M+ O N Ove + N O N O 23al 51 al 5a3pcTicAzhos/osriep 2 CF3
0 COOv O ONF NCCF3 Ow 51a3 ON Step 3 O/ CoOOw Ow -Fi O F ~
\ NF~N_CCF3 ONOW p COOW 51a2 O HONF NCCI 0 O N 5lad4 / C
Step 1. To a solution of iodide 5a3 (191 ng, 0.62 mmol) in DMSO (3 m-) is
added CsCO8 Step16 ny, 0.66 nmmol) and 23al (189 ngy, 0.44 mmol). This is

stirred at 7§mep%ndamjlt is tranéfoméd @ &h?d%uﬁ@ﬁ@ﬂu&%ﬁgr%&lum Mgl s

washed with water and brine, dried over anhydrous filtered under
vacuum and cBbxaepiel4t ed. Purification by flash

5 Step 2:
Compound 57¢1 is transformed to compound 57¢2 using the procedure of Step 3,

Example 9A.

EXAMPLE 57D
10 PREPARATION OF COMPOUNDS 3009 AND 3010

N—<:
OMe —> +
OH 0 Step 1 CF,
s7c1 . Oj@iCOOH
c RO

Step 1:
To a solution of 57¢1 (49 mg, 0.08 mmol) in THF (1 mL) is added PPh; (24 mg, 0.09

15 mmol) and triazole (0.005 mL, 0.08 mmol). The solution is cooled to 0 °C and DEAD
(0.017 mL, 0.09 mmol) is added. This is stirred at 0°C for about 45 min, warmed to
RT and stirring is continued for about another 72 h. MeOH (1 mL) and NaOH (1mL,
1 M solution in water) are added and this mixture is stirred for about 24 h at RT. The
reaction mixture is then concentrated, dissolved in AcOH/MeOH (4 mL, 1:1) and

20  purified by preparative HPLC. The fractions are combined and solvent removed by
lyophilization to yield 3010 and 3009.
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chromat ography using (20:80 to 60:40) EtOAc/ Hex affords an off-white solid
5lal. Step 2: 10 To a solution of 51al (256 ng, 0.37 mol) in dioxane (3
m-) is astdedoy/arsiabut yl (vinyl)tin (0.14 nm, 0.48 mmol) aCcTRRA200e2®0! uti on
i s degassed by bubbling a balloon of Ar into it.

Di chl oro-bi s(tri phenyl phosphi ne) pal | adium (26 ng, 0.04 mvol ) is added and
the reaction mxture is heated at reflux for about 1.5 h. The mxture is
concent r at edExaMPLEWRSBAf i ed by fl ash chronmat ography using (10:90 to 70:30) 15
EtOAc/Hexto obtai.n 5 To a solution of 5l1a2 (181 ng, 0.30
mol ) in wat e'? P gat?nn%‘?go"é%é% one&(Z m-) and 123 WO 2009/ 076747

PCT/ CA2008/ 002107 MeOH (0.4 nlL) is added OS04 0 04 nL, 2.5%solution in
t-BuOH) and NMO (40 ng, 0.34 nmol) at RT. This{ks stirred at RT for about
1.5 h. Sodwmpemrgodate(?l ng, 0.33 mmol) i efl A reaction

NS
opohMabout 16 h. The Mes pour ed
dpeous Na2S203 and

acted with
Et OAc (4x). '- ef s ar e gQibi ned \vvashed by | NPMe dried over
anhydr ous NaSO4 filtered uhdefevacuum ane cobncentr the residue is
di ssol ved i n“MecH (2 an@ NaBH4 (58 ng, TN mmoly”

into a saturat§

5" sl oWy added and
stirred for abBed 1 W RT. The reaction m xtype is poured into a
saturated solution of aqueous NHA4CI and then extracted with Et OAc (3x).
The organic |layers are 10 conbi ned, washed with brine, dried over anhydrous
Na2SO4, filtered under vacuum and concentrated. Purification by flash
chromat ography using (30:70 to 80:20) EtOAc/Hex yields a m xture of

al dehyde 51 ggpand al cohol 51 a4. EXAIVPLE 51 B 15 Prepar ation of compound

1132 CF3 O CF3  Cone Ste O COOH INF NC
Ove Compound 57¢2 is transfornﬁ)ed to compound 901 'F using the procegvl'?e of S?e%
Example 38A.

EXAMPLE 59A

10  Preparation of compound 3015

COOMe COCH
3@ . LT
Step 1
Cl OMe S : ,L OMe
57c2 \\\“. L&N -

3015

Step 1:
Compound 57c2 is transformed to compound 3015 using 2-mercaptopyrimidine in

15  the procedure of Step 1, Example 33A.
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5103 1132 O C

Step 1: 20 Conmpound 51a3 is transforned to conpound 1132

using the procedure of Step 5, Exanple 5A. EXAMPLE 51 C Preparation of
conmpoundsw0O28&®/0727124 WO 2009/ 076747 PCT/ CA2008/ 002107 PCTA20(8000M»7 CF3  /
O~p/ COOM HO~ N~ ( N~OW Step 1 | OB FCl NF~/ N ON Ow ~Ow

5la4 510 ON C

c

Step 2 CF3 O, NCOON- NF\ ~Ow N/ \ OOw 1135 C

Step 1. Conpound 5l1a4 is transformed to conpound 51cl using the procedure
of Step 2, Exanple 38A. 5 Step 2:

EXAMPLE 60A

Preparation of compound 4004

Cl

o s
HO COOMe >\__<\J/ o s._0 COOH
@i OMe >—@/ \@ OMe

OMe — > OMe
o} Step 1 4004 0
\\\\ ’ 2a5 e

Step 1:

Alcohol 2a5 is transformed to compound 4004 using the thiophene 60a1 in the

procedure of Step 1, Example 25A.

10 EXAMPLE 61A

Preparation of intermediate 61a5

HO

OH HO OH cl cl
X AN l ~
_N Step 1 _N Step 2 _N
61a1 61a2 61a3
Step 3
F F 1
| F o} Cl
0 N Cl - ~ ~
| N Step 4 _N

Step 1:

61a4
61a5

15 A mixture of dihydroxypyridine 61a1 (24 g, 216 mmol), K,CO; (29.9 g, 216 mmol)
and water (240 mL) is heated to 100°C until it becomes homogeneous. Solid |, (54.8

g, 216 mmol) is added portionwise (caution: evolution of gas!). When the iodine is

consumed, the reaction is quenched with potassium hydrogen sulfate (216 mL, 216

mmol) which generates a precipitate. The precipitate is collected by filtration and

20 dried under a stream of N, to yield 61a2.
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Compound 51cl is transforned to conpound 1135 using the procedure of Step
3, Exanple 38A. 10 EXAMPLE 52A Preparation of conmpounds 1147 125 WO

2009/ 076 ™ 2A@I7€A2008/ 002107 CF3 0 / COOVe 3 O O O CFPrCO/dA2GB00e10N FN~O |
i N\ 1 O FN p Step 1 Ow 25al 52al1 CH3 1 Step 2 -NSCF3 Br CF3 O
N O/ COONO 3 NCOOve Ove O N\ iNF N ~Ow Step 3 F\ Ow 1147 0 52a2
0 I ggeo~g_8t ep 1: Conpound 25al is transforned to conpound 52al

usi ng the pr re of Step 3, 5 Exanple 28A. Step 2: Conpound 52al is

t ransf or ned Aaignpofithe dw?6ePa2i@0r8y, 208 nomaly &F .61 mbt 208 :ymdixampl e 49A.

10 Step 3: Conmpound 52a2 is.tr for to compoun 47 using. the
procedure of pﬁ%tpg'ﬁroé',s oEyehilids @%“EE@%#EEQB@ZP#%‘%Q@ %@Hegyg%&o ound 1152
15 reaction mixture is concentrated, quenched with saturated aqueous NaHCO;,

5 extracted with DCM, dried and concentrated to yield 61a3.

Step 3:
The di-chloride 61a3 (49 g, 179 mmol) and NaOMe (43.2 mL, 233 mmol) in MeOH

(550 mL) is stirred at RT overnight. The reaction mixture is extracted with EtOAc and

10  water and concentrated. Upon standing, crystals are formed. The crystals are
collected and washed with a small amount of iso-propyl ether. The crystals are
transferred with heptane onto a glass filter and dried under a stream of air to yield
61a4.

15  Step 4:
A solution/suspension of iodide 61a4 (1 g, 3.71 mmol), KF (0.216 g, 3.71 mmol) and

Cul (0.707 g, 3.71 mmol) in NMP (10 mL) in a microwave tube is degassed with Ar.
Methyl 2-chloro-2,2-difluoroacetate (3.64 mL, 34.5 mmol) is added and the vessel is
closed under Ar and heated to 120°C for 30 min. in a microwave (caution: pressure
20  buildup observed, take appropriate caution). The mixture is cooled to RT and the
excess pressure is slowly released. A brine solution is added; then the reaction
mixture is extracted with Et,O. The combined organic layers are washed with brine,
dried and concentrated followed by multiple purifications by flash column
chromatography to yield 61a5.
25
EXAMPLE 61B

Preparation of compound 4013

HO COOMe F F
Pk o | F
l F ) 0 o COOH
0] Cl F X
| Step 1 =N ¢ N—<:>"“OMe
=N 3a6 [

4013 o

N
61a5 H
OMe

30 Step 1:
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CF3 CF3 O/ COOwve O/ COOM F\( N\OOI N\ I OW Step 1 HOF N Ow
25al 53al CH3 Step 2 CF3 CF3 SO COCHO \ 0 COOve OV ~\ | NF | N Ow
Step 3 BrwO 200907647 | N '-Ove -COVe 1152 53a2 0 126 WBCZADAHGAOTHT

PCT/ CA2008/ 002107 Step 1: Conpound 25al is transformed to conmpound 53al
using the procedure of Step 1, 5 Exanple 49A. Step 2: Conmpound 53al is
transforned to conpound 53a2 using the procedure of Step 2, Exanple 49A
10 Step 3: Coompawt 4Bk3Js generatedsfaihauvepdation obeqrorainds $325 ard Aab vsieg

Erlggegt;r ?j:gfthgtp?&(%ﬂf\%‘ﬁﬁ%’%%%A'EﬁprE 54A Preparation of conpounds

EXAMPLE 62A

5 Preparation of compound 1122

CF, o
BnO COOMe Step 1 e oMe
:@[ OMe | _N OMe
F N——<i:: F ”‘*<:
H
1a6

CF, Ney
4
o~ -C A OMe
OMe
| 62a1 ._o

~ N
/N Tl\l F
=N 5b5 Step 2

Br

1d8
CF, 0
0 o)
| oA OMe I o OMe

N« =N Step3 N _N OMe

</',\l F N - v N F N
=N : ,Lo OMe LN /@ OMe
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1122 Br E Br .

Step 1:
Pd/C (10%, 50 mg) is added to an EtOAc/MeOH (2:1, 9 mL) solution of compound

1a6 (640 mg, 1.69 mmol). The flask is closed with a septum, placed under vacuum,
10 filled with hydrogen at atmospheric pressure and stirred at RT for about 2 h. The
reaction vessel is placed under vacuum, filled with Ar and the solution is filtered over
Celite®. DMSO (6 mL) is added to the solution, which is then concentrated under
reduced pressure to a minimal volume. Cesium carbonate (661 mg, 2.03 mmole) is
added, followed by chloropyridine 5b5 (422 mg, 1.53 mmol). The resulting mixture is
156 heated at 75°C for about 12 h, cooled to RT, diluted with aqueous saturated sodium
bicarbonate (100 mL) and extracted with EtOAc (2 x 100 mL). The combined organic
phases are washed with aqueous saturated sodium bicarbonate (2 x 50 mL), brine
(2 x 50 mL), dried over Na,SOy, filtered and concentrated under reduced pressure.
The residue is purified by column chromatography (10% to 40% EtOAc/hexanes) to
20  afford compound 62a1.

Step 2:
DMAP (7.7 mg, 0.063 mmol) and pyridine (0.152 mL, 1.88 mmol) are added to a
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NCl 0 Step 1 NN9a3 C$11:5 Ove 1165 Ove 20 Step 1: To the solution of
7-azaindole (15 ng, 0.13 nmmol) dissolved in anhydrous DMF (1 nl), at RT is
added ceswom@arbmnate (55 ng, 0.17 nmol) foll owed by tReTadnismozof t he
benzylic chloride 9a3 (dissolved in anhydrous DMF 0.5 nlL) is added,
followed by K (3.5 ng, 0.02 nmol). This is heated at 110Cfor about 14 h,
then cooled to RT. 25 THE (1 nl), MOH é m-% and NaOH (1 M

added and th@t’?EtWl@L)l@ltg'PPPféﬂ"”qﬁ?a1a(6§ 192 8-315 Mmebrandrfeid ﬁt"?f"ﬁﬁ %dqs then

concent r at ed ogd hit £859\nhoNA R Hedfon Pikdrk isSsbdid &71B08E ahdarenitilWavé 0 Yi el d
t he desired product 1165. 127 WD 2009/ 076747 PCT/ CA2008/ 002107 EXAMPLE 55A

Prepar ati on &endiinisofend h cededio REFilutgd/with RtOAGH1@Lpand weshgde \ N~ 1 N\
Ove Step 1 Eu&és@el?v@%g%%aturéte&%@éum b'lréfﬁ@orpaté (Sk 86 ml) ak@ BRI 45al

s transfornmed to coirpoun using the groce ure descrl ed in Step 1,
Exanpl e 53A. SQm@mmmawenhﬁ%@ﬂlﬁﬂ Ptﬁf Na2SParfiitgiRscRNdIcPsgetiatedpgles | o /

COOVe 0: G CrRXiEed bsEure. Th&cRidb rddidud is Nuﬁﬁéﬁpoy]cowlnq cBadtorabHy 380%
EtOAc/hex) to afford compound 62a2.

Step 3:
10  Agqueous 5 M NaOH (0.115 mL, 0.577 mmol) is added dropwise to a 0°C MeOH/THF

solution (1:1, 2 mL) of ester 62a2 (63 mg, 0.086 mmol). The solution is stirred for
about 2 h at RT, acidified with AcOH (1 mL) and purified by preparative HPLC to
afford compound 1122.

15 EXAMPLE 63A

Preparation of compound 1136

3
— N OMe
“N
4
N ﬁ/ ' OM

\
Z ”\1 H OMe =N 63at e
5b5
Step 2
CF, 0
B ° on oM
N N OMe Step 3 eOMe
</',\l N - /N N
= OoM
N /@o e ﬁ/,\’] OMe
136 E 63a2
Br F
20 Step 1:

Potassium carbonate (414 mg, 3.00 mmol) is added to a RT DMSO (10 mL) solution
of the chloropyridine 5b5 (380 mg, 1.37 mmol) and the phenol 24a2 (412 mg, 1.53
mmol). The reaction mixture is heated at 80°C overnight. The solution is cooled to
RT, diluted with aqueous saturated sodium bicarbonate and extracted with EtOAc (2

25 x50 mL). The combined organic phases are washed with aqueous saturated sodium
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Ov Ow Step 1: 15 Conpound 56al is transfornmed to conpound 1168 using the
procedure of Step 1, Exanple 55A. EXAMPLE 57A Preparation of internediate
57al CF3 wORBHDBOOH OVe ~ 0 / COOMe + :aN | | Ove F ScegARodd/dozioH - Ove P
FN O& Y6 OO O 37al 46a2 57al 20 128 WD 2009/076747 PCT/ CA2008/ 002107
Step 1: Conpound 57al is generated via the reaction of conpounds 37al and

46a2 using the procedure of Step 1, Exanple 37A. EXAMPLE 57B 5 Preparation
of conpound BBewouHe (B xSOTR), brine GoCNEMY), drisbor Na-SOudittered ape  i\/ H/ F

N~ Step 1 F b%ntr% under reduced pressure. The crude residue is purified by column
chromatography (30% to 75% EtOAc/hexanes) to afford 63a1.

5 Step 2:
DMAP (1.2 mg, 0.010 mmol) and pyridine (0.024 mL, 0.31 mmol) are added to a

DCE (2 mL) solution of aniline 63a1 (52.1 mg, 0.102 mmol) and acid chloride 1d8
(60.6 mg, 0.255 mmol). The reaction mixture is heated at 150°C in a microwave for 1
h, cooled to RT, diluted with EtOAc (100 mL) and washed successively with aqueous
10  saturated sodium bicarbonate (2 x 50 mL) and brine (2 x 50 mL). The organic phase
is dried over Na,SQ,, filtered and concentrated under reduced pressure. The crude
residue is purified by column chromatography (80% to 100% EtOAc/hex) to afford

compound 63a2.

15  Step 3:
Aqueous 5 M NaOH (0.140 mL, 0.700 mmol) is added dropwise to a 0°C MeOH/THF

solution (1:1, 2 mL) of ester 63a2 (50 mg, 0.070 mmol). The solution is stirred for
about 2 h at RT, acidified with AcOH (1 mL) and purified by preparative HPLC to
afford compound 1136.

20
EXAMPLE 64A

Preparation of compound 1143
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0 3008 O 57al Step 1: Conpound 57al is transfornmed to conpound 3008 using
the procedure of Step 5, 10 Exanple 5A. EXAMPLE 57C Preparation of

i nt er mediwoeo®iog74CF3 CF3  H 10\ | NCOOve 0/ COOve  Ove PCTICAOMB/00210F F~N-~
O Ok Step 1 OOHOw O 57al 57cl1 ""0° Step 2 CF3 o/ COOvw \ Ow F N
C Ow O 57c2 '00,C 129 WD 2009/076747 PCT/ CA2008/ 002107 Step 1:
Compound 57al is transforned to conpound 57cl using the procedure of Step

2, Exanple 9A‘?”C99MGCoﬂpoundst§p7101 i s transformedsto comeund 57c2
oif
F

using the procedu %{:poﬂe e o
N l
H OMe #N

F F CF, é\] OMe
1a6 - cl F ” oM
] 64a1 e
N > N ol
5a6 /@/go Step 2
Br

1b8

CF (0]
F F CF, 0 v ¢ o)
o] Step 3 A o”
X OH P | OMe
I OMe - N ~-N
N N F N
F N OMe
OMe (0]
(0] 64a2
1143 Br
Br

Step 1:
Pd/C (10%, 24 mg) is added to an EtOAc/MeOH (2:1, 9 mL) solution of compound

5 1a6 (715 mg, 1.89 mmol). The flask is closed with a septum, placed under vacuum,
filled with hydrogen at atmospheric pressure and stirred at RT for about 2 h. The
reaction vessel is placed under vacuum, filled with Ar and the solution is filtered over
Celite®. DMSO (6 mL) is added to the solution, which is then concentrated under
reduced pressure to a minimal volume. Cesium carbonate (739 mg, 2.27 mmole) is

10  added, followed by chloropyridine 6a6 (357 mg, 1.14 mmol). The resulting mixture is
heated at 75°C for about 12 h, cooled to RT, diluted with aqueous saturated sodium
bicarbonate (100 mL) and extracted with EtOAc (2 x 100 mL). The combined organic
phases are washed with aqueous saturated sodium bicarbonate (2 x 50 mL), brine
(2 x 50 mL), dried over Na,SOy, filtered and concentrated under reduced pressure.

15 The residue is purified by column chromatography (20% to 60% EtOAc/hexanes) to

afford compound 64a1.

Step 2:
DMAP (7.7 mg, 0.063 mmol) and pyridine (0.078 mL, 0.973 mmol) are added to a

20  DCE (4 mL) solution of aniline 64a1 (100 mg, 0.177 mmol) and acid chioride 1b8
(116 mg, 0.530 mmol). The reaction mixture is heated at 150°C under microwave
conditions, for 1 h, cooled to RT, diluted with EtOAc (100 mL) and washed

successively with aqueous saturated sodium bicarbonate (2 x 50 mL) and brine (2 x
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EXAMPLE 57D 10 PREPARATI ON OF COMPOUNDS 3009 AND 3010 CF3 O, COON F N
CFS NOw O, COOVM N 3010 O / \ ~W NFNOw OHOStep 1 CF3 O COON
57c1 W WONog/07e24™e N~ N 3009 ,,'" Step 1: To a sol urcorcAabos®nei7 (49 ny,
0.08 mol) in THE (1 mM-) is added PPh3 (24 ng, 0.09 15 mmol) and triazole
(0.005 m., 0.08 nmmol). The solution is cooled to 0 C and DEAD (0.017 ni,
0.09 mol) is added. This is stirred at OC for about 45 mn, warned to RT
and stirring90dnldohe pgedicirbaseissliied onet NexS Oz Aillgredvang-fqneemniated HedaaoH (1

T 1M SOl Ut Aol BraRbRY et AR dSY b diety Tt bagst [ Tred for about

24 h at RIT. lon mxture 1s then concentrated, dissolved in

AcOH MeCH (4 nL, 1:1) and 20 purified by preparative HPLC. The fractions
are conbi ned sol vent renoved by |lyophilization to yield 3010 and 3009.
130 WD 2009/ 7 PCT/ CA2008/ 002107 EXAMPLE 58A Preparati on of conpound

3011 CF3 5CFAq0epud 5 WOEROH (0.695 mL, 3.475 mmol) is added dropwise to a 0°C THF/DMSO
solution (2:1, 3 mL) of the crude ester 64a2. The solution is stirred for about 2 h at
RT, acidified with AcOH (1 mL) and purified by preparative HPLC to afford
compound 1143.

10  EXAMPLE 65A

Preparation of compound 1162

F F CF, HO
o]
O \@ o ) COMe
| + N N I ~N
N NP N-—<:> ---- OMe
3b6 |
5a6 “, 65a1 (:I)§ ©

OMe

15 Step 1:
Potassium carbonate (103 mg, 0.744 mmol) is added to a DMSO (4 mL) solution of

the chloropyridine 5a6 (175 mg, 0.558 mmol) and phenol 3b6 (150 mg, 0.372 mmol).
The reaction mixture is stirred at 80°C overnight, cooled to RT, diluted with aqueous
saturated sodium bicarbonate (100 mL) and extracted with EtOAc (2 x 50 mL). The
20 combined organic phases are washed successively with aqueous saturated sodium
bicarbonate (2 x 50 mL), brine (2 x 50 mL), dried over Na,SO,, filtered and
concentrated under reduced pressure. The crude residue is purified by column
chromatography (30% EtOAc / hexanes to 100% EtOAc) to afford 65a1.

25 Step 2:
Aqueous 5 M NaOH (0.486 mL, 2.43 mmol) is added dropwise to a 0°C THF/MeOH
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O/ COOv OV OV FN | ~ | F N~ Step1 SOOw C Ow o N 57c2 3011 5
Step 1. Conpound 57c2 is transformed to conpound 3011 using the procedure
of Step 3wvo0:2mv0aTpide 38A. EXAMPLE 59A 10 Preparation of eommaze/@0m05 CF3
CF3 O/ COOwe O/ COON\ | O\ OB F N~ Step 1 FNCCO OB NS OW OY
O 57c2 N 3015 Step 1: Compound 57c2 is transforned to conpound 3015 using
2-nmercaptopyrimdine in 15 the procedure of Step 1, Exanple 33A. 131 WO
2009/ 076747 SQTHaDA2008/m) 21 e estexA%el K1 &ong H- %%mmql)oﬁh%ﬁolé@ﬁﬂdéﬁhﬁﬂed4004 0S

8' 22? COOVE Yt bt hr208ut'5 %@{ﬁecﬁwﬁﬂﬂtoh (T niL) GNB purkddeoybrePhrafdetiepc 1 4004

to afford compound 1162.

5 EXAMPLE 66A

Preparation of compound 1163

BnO coogne HO COoMe
BnO CO,Me \C[
N /Q Step 1 ©i Step 2 N Do 0o

10 Step 1:
Palladium acetate (14 mg, 0.021 mmol) is added to a solution of 1,10-phenanthroline

(3.6 mg, 0.020 mmol) in ethyl vinyl ether (5 mL). The mixture is stirred at RT for
about 15 min to receive a solution of alcohol 3b4 (500 mg, 1.04 mmol) in ethyl vinyl
ether (5 mL). The reaction mixture is heated at 60°C for about 46 h and cooled to

15  RT. Silica gel is added and the mixture is concentrated under reduced pressure. The
solid is applied onto a silica gel column and eluted with 20% EtOAc/hexanes to

afford vinyl ether 66a1.

Step 2:
20 Pd/C (10%, 14 mg) is added to a MeOH solution (10 mL) of the benzyl ether 66a1

(135 mg, 0.267 mmol). The reaction vessel is closed with a septum, placed under
vacuum and filled back with hydrogen at atmospheric pressure. The reaction mixture
is stirred overnight under hydrogen. The reaction vessel is placed under vacuum and

filled back with Ar. The reaction mixture is filtered over Celite® and washed with
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5 Step 1: Alcohol 2a5 is transfornmed to conmpound 4004 using the thiophene
60al in the procedure of Step 1, Exanple 25A. 10 EXAMPLE 61A Preparation
of interwoizaton764a5 | | HO OHHOOH CI CI N Step 1 | PCHCER2es/@2187, 6lal
6la2 6la3 Step 3IFFOC OC Step 4 N61 a4 61ab5 Step 1: 15 A m xture
of di hydroxypyridine 6lal (24 g, 216 mmol), K2C03 (29.9 g, 216 mmol) and
wat er (240 rrL? is heated to 100C unti| it becones hom)a GIeous Solid 12

(54.8 g, 21610ARKINO0 ML) aENRRIIBF PheIRAS SENQETHAISRICEFIHCR] RIASHC §aS 1) . when

the iodine ige rSQ&?éJG@d%shhﬁzeH%ﬁfdehﬁ"fhéf‘éll&Mﬁ@ﬁﬂéﬁd Wi th potassium hydrogen
sulfate (216 nmL, 216 mmol) which generates a precipitate. The precipitate

is collected by filtration and 20 dried under a streamof N2 to yield 6la2.
132 WO 2009/ g @347 PCT/ CA2008/ 002107 St ep 2 A mxture of the diol 6la2
(49.3 g, 208 DMVF (0.161 ni, 2.08 and hosphor ous oxychl ori de
(252 ni, 527oaoﬁaﬁ@umqa§oqﬂéa@élmgaogﬁiéwe%ﬁ 4o g OMSQ e ML RO Gfr e i s

concentrat ede W t B&EB,07 Mm@ 0 258 t h DCM
dried and conrgglr?F at edsétmo(ts?l té}%a%argﬁno@%@%éndﬂ% |-ch§or| de 61a3 (49 g,

179 nmol ) andheusartion mixture ﬂﬁ_stlr@Q:at ARt 9veirmigwe®q>lect @B%T filyted YithFapeR}P at RT
overni ght. Thg, [ 8aFIddAh Blckfodhste! (FoG LY 85d Etrattdd Wit EXABS 50 mL). The

combined organic phases are washed successively with aqueous saturated sodium

10  bicarbonate (2 x 50 mL), brine (2 x 50 mL), dried over Na,SOy, filtered and
concentrated under reduced pressure. The crude residue is purified by column
chromatography (30% to 80% EtOAc/hexanes) to afford 66a3.

Step 4:
15  Aqueous 5 M NaOH (0.122 mL, 0.610 mmol) is added dropwise to a 0°C THF/MeOH

solution (2:1, 3 mL) of the ester 66a3 (85 mg, 0.122 mmol). The solution is stirred at
RT for about 5 days, acidified with AcOH (1 mL) and purified by preparative HPLC to
afford compound 1163.

20 EXAMPLE 67A

Preparation of compound 1164

Bn0\©iCOZMe BnO CO,Me HO CO,Me
Step 1 \C[ Step2. SN yed
v o S e o Sep2, N o
\— j> o }>
o O)“o ‘ 67a2
66a1
® 67a1
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10 water and concentrated. Upon standing, crystals are fornmed. The crystals
are collected and washed with a small anount of iso-propyl ether. The
cryst al s wopeooxa7engf erred with heptane onto a gl ass fil tremr/Gardosdwz®d under
a streamof air to yield 61 a4. 15 Step 4: A solution/suspension of iodide
6l1a4 (1 g, 3.71 mmol ), KF (0.216 g, 3.71 mol) and Cul (0.707 g, 3.71
nmmol) in NMP (10 nL) in a mcrowave tube is degassed with Ar. Mt hyl

2-chl oro-2, 2-di fluoroacetate (3.64 nL, 34.5 nmmol) is added and the vessel
is closed ug 1:Ar and heated to 120C for 30 min. in a mcrowave (caution:
pressure 20 observed, take appropriate caution The m xture is

cooled to RTDéﬁiémte nedX &ds §-6Mérsettien 1§ addeddory iqegaidhelbar solutioni(hemidi ut i on
| s added, theﬂv.m%tr{e?aﬁy morﬁwweemm% L 8@@&%%&&@18%9 Bhrsconbi ned

organic Iayers are washed w th” brine rle concentrated foll owed by
mul ti pl e pur MmaaiTheneadion Miderie ie eﬂlrcﬁﬁpvem\gmm%gﬂlm@waﬁ Celite®y weshesl 25

EXAMPLE 61 B O COON F
OC F NI "‘Fﬁgﬁ%ﬁ%w@ﬂ"%"&wg@@ 48 %@%dgéﬁf ThefRsluei® 5 ep
1: 133 WO 2099mf@ﬁ65&4:blm¢memrmy1w’o tm&%cﬁjﬁacmn@(ahssw@aﬁerdt ed via the

reaction of gg@‘gg Gla5 and 3a6 using the procedure of Step 1, Exanple
16A. EXAMPLE reparatlon of conpound 1122

10  Step 2:
Pd/C (10%, 10 mg) is added to a MeOH solution (10 mL) of the benzyl ether 67a1

(132 mg, 0.254 mmol). The reaction vessel is closed with a septum, placed under
vacuum and filled back with hydrogen at atmospheric pressure. The reaction mixture
is stirred overnight under hydrogen. The reaction vessel is placed under vacuum and
15  filled back with Ar. The reaction mixture is filtered over Celite® and washed with
EtOAc (100 mL). The organic phase is concentrated under reduced pressure to

afford crude 67a2 which is utilized crude in the following step.

Step 3:
20  Potassium carbonate (212 mg, 1.53 mmol) is added to a DMSO (10 mL) solution of

chloropyridine 5a6 (241 mg, 0.768 mmol) and crude phenol 67a2. The reaction
mixture is stirred at 80°C overnight, cooled to RT, diluted with saturated aqueous
sodium bicarbonate (100 mL) and extracted with EtOAc (2 x 50 mL). The combined
organic phases are washed successively with aqueous saturated sodium

25 bicarbonate (2 x 50 mL), brine (2 x 50 mL), dried over Na,SO,, filtered and
concentrated under reduced pressure. The crude residue is purified by column
chromatography (30% to 80% EtOAc/hex) to afford 67a3.

Step 4:
30 Aqueous 5 M NaOH (0.354 mL, 1.77 mmol) is added dropwise to a 0°C THF/MeOH

solution (2:1, 3 mL) of the ester 67a3 (125 mg, 0.177 mmol). The solution is stirred
at RT for about 5 days, acidified with AcOH (1 mL) and purified by preparative HPLC
to afford compound 1164.
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CF3 0 Bno/ COOMe Step 1 0 O, NOw CFs NNF~NOwW F H Ow C N
-COve 1la6 62al i o NF N, N ~N5b5 Step 2 INBr CF3 0 CF3 0 O.N I/ N
OH Ove OWeO0 281986 7N. | N o, O N -E, NF N cN F OvPcOdA203/082107 1122
Br F 62a2 Br F Step 1: Pd/C (10% 50 ng) is added to an Et OAc/ MeCH (2:1, 9
m-) solution of compound 1a6 (640 ng, 1.69 mml). The flask is cl osed
wth a septum placed under vacuum 10 filled with hydrogen at atnospheric
pressure andEXAVRLERBALt RT for about 2 h. The reaction vessel is placed
under vacuunprdpakatish ¥ ihferiVedité 68 sol ution is filtered over Celite(r).
DMSO (6 m-) is added to the solution, which is then concentrated under
reduced pressure to a mninmal volune. Cesium carbonate (661 ng, 2.03 nmol e)
is added, followed by chloropyridine,5b5 (422 1.53 mmol ). The
resulting nmixture is 15 heate 75CH¥R1 about 129, cooled to RT, diluted
W th aqueous saturated sodiu ycarbonate (10 = S%QSI extracted with
EtCAc (2 x 100 nL). The c i néY organi c phgses are washed w th aqueous
saturated sodi um bi carbonate (2 x 50 nL), brine {2 x 50 nL), dried over
Na2SO4, filtered and concentrated under reduced pressure. The residue is
purified fy col um chromatography (10%to 40% Et QAc/ hexanes) to 20 afford
conpound 62a%fep81t_ep 2:

n-Butyllithium (2.1 M in-hexanes, 8.82 mL, 18.5 mmol) is added dropwise to an ice
cold hexanes (10 mL) solution of N, N-dimethylethanolamine (0.900 mL, 9.063
mmol). The reaction mixture is stirred at 0°C for about 30 min at which time a

10  hexanes solution (10 mL) of 2-cyclopropylpyridine (360 mg, 3.02 mmole) is added.
The reaction mixture is stirred for about 45 min at 0°C and then cooled to -78°C to
receive a hexanes solution (10 mL) of tributylstanny! chloride (3.44 g, 10.5 mmol).
The mixture is stirred at -78°C for about 30 min, warmed to RT over about a 30 min
period, diluted with water (100 mL) and extracted with ether (2 x 50 mL). The

15  combined organic phases are washed with brine (2 x 50 mL), dried over Na,SO,,

filtered and concentrated under reduced pressure to obtain crude 68a1.
EXAMPLE 68B

Preparation of compound 1169
20
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DVMAP (7.7 nmg, 0.063 mmol) and pyridine (0.152 nL, 1.88 mmvl) are added to a
134 WD 2009/ 076747 PCT/ CA2008/ 002107 DCE (4 mL) solution of aniline 62al
(166 ny, Wwo®/amem7) and acid chloride 1d8 (299 ny, 1. 26%/anrndsjoo2ibhe
reaction mxture is heated at 150C under m crowave conditions, for 1 h,
cooled to RT, diluted with EtOAc (100 nL) and washed successively with
aqueous saturated sodi um bi carbonate (2 x 50 nL) and brine (2 x 5 50 nL).
The organi c phasggis dried over Na2SO4, fi™tered and concentrated under
reduced pressure. 3I'he cr ude due i £isgd by colu Fchromat ography

(80% Et QAc/ hex cE))rrpound 62a2. Step 3: 4 JQOM
(0.115 m., 0.57 I) adde pw sesd1io a 0C NS on OMe 2
m.) of ester (68 nmol ). Fhessol rrFed om bout 2
at
af ford conmpound 2’HZZ LE 63A Preparation of ceggqp nd w HO /
Y COOVeOwve Step CF&~-~INCF3 0 + - N N Ni'l H-Ove N

h at RT, acidyfied vvlth Me and qurqi fied by prepa
H COVe 63al N 24a2 5b5 Step 2 CFSO O CF3 O NI, e---C]—IlC]ve Step 3 0 Owe

NNN NOw NN OOW N\ OOWw 1136 ~' ~% Step 2

COH
~N :@[ OMe
OMe

1169

Step 1:
5 In a microwave tube, chloride 57¢2 (102 mg, 0.169 mmol) is put in degassed DMF (2

mL, degassed by bubbling a volume of Ar while sonicating for about 10 min) along
with stannyl 68a1 (241 mg, 0.177 mmol). Pd(PPh;), (49 mg, 0.017 mmol) is added,
the tube is sealed and put in the microwave at 125°C for 20 min. The mixture is
diluted in EtOAc and washed with water (2x) and brine (2x). The combined organics

10  are dried over MgSQ,, filtered and concentrated. The crude residue is passed on a
short silica gel column (20% to 70% EtOAc in hex) to afford compound 68b1.

Step 2:
Aqueous 5 M NaOH (0.301 mL, 1.505 mmol) is added dropwise to a 0°C THF/DMSO

15 solution (2:1, 3 mL) of ester 68b1 (85 mg, 0.124 mmol). The solution is stirred at RT
for about 5 days, acidified with AcOH (1 mL) and purified by preparative HPLC to
afford compound 1169.

EXAMPLE 69A
20  Preparation of compounds 1172, 1173 and 1174
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Br F 63a2 Br F 20 Step 1: Potassium carbonate (414 ng, 3.00 mmol) is added
to a RT DVMSO (10 nL) solution of the chloropyridine 5b5 (380 ny, 1.37
nmol ) andwoheoyitersol 24a2 (412 ny, 1.53 mmol). The reaeCiraa2nisobere i s
heated at 80C overnight. The solution is cooled to RT, diluted with
aqueous saturated sodi um bi carbonate and extracted with EtOAc (2 25 x 50
m.). The conbi ned organi ¢ phases are washed with aqueous saturated sodi um
135 WD 2009/ 076747 PCT/ CA2008/ 002107 bicarbonate (2 x 50 nlL), brine (2 x
50 nL), dried oYVer Na2804 filtered and concentrat edC under reduced

pressure. The @ B‘éwel purified by colum c rbgat ogeggpy (30%to
75% Et OAc/ hexahes) m@?%al 5 Step 2o DVAP (1 d ool ) and
pyridi ne (0.024 m_F 0 31N 0, areoagded to a- Yri< l—éjé on of
aniline 63al (52.1 ny, HAL0 mml) and acid chloride 1d8 P, 0. 255
mol ). The reacti &' ni xturfe Ns heated at 150C in a_nicro for 1 h.

cooled to RT, diluted wth\EtQAc (100 m-) and washed successwely vmth
aqueous 10 saturated sodi um biarbonate (2 x 50 m-) and brine (2 x 50 ni).
The organic phase is dried over Na2SO4, filtered and concentfated under
reduced pressure. The crude residue is pur&Ffl ed by col um chrqpat ogr aphy

(80% to 100% Et CAc/ to afford conpound %az 105,,@ ep 3: Aqueous 5 M
NaOH (0.140 nm_, O. m% ggded drop OH THF  sol ution
(1:1, 2 m-) g +0. 45§qu is stirred for
about 2 h at RT, idifi och-l 1 -- i°¥8 by preparative
HPLC to afford ggapounc 360. 20 EXAMPL, a64A P aratl on of conpound 1143
136 WD 2009/ 076747 PCT/'CA2008/ 002107 Bn

j Step 3 [ Step 4
COH CO,Me
J@[ J@t
OMe OMe
69%a4
LStep 5

SO II

OMe

Ij OMe N\ {

N \a OMe OMe
1173

1174

1172

Step 1:
Bis(tri-fert-butylphosphine)palladium (38 mg, 0.075 mmol) is added to a DMF

5  solution (4 mL) of compound 25a1 (510 mg, 0.747 mmol) and stannane (285 mg,
0.822 mmol). The reaction mixture is degassed by bubbling Ar in the solution for
about 15 min, stirred at 100°C for about 2 h, cooled to RT, diluted with aqueous
saturated sodium bicarbonate and extracted with EtOAc¢ (2 x 50 mL). The combined
organic phases are washed successively with agueous saturated sodium

10  bicarbonate (2 x 50 mL), brine (2 x 50 mL), dried over Na,SQO,, filtered and
concentrated under reduced pressure. The crude residue is purified by column

chromatography (40% to 60% EtOAc in hexanes) to afford compound 69a1.
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Step 1l FFCFS O OB\ v~ O~HFFCF3 NI NOw 1la6 Ow C FI/ HI
64al O N\ NC 5a6 Step 2 Br, ~1b8 FFCF30 FFCFOO Step 30
OV N Nwobho@ve74l N F I r NF NC Owve O O 0 64a2 PLIAA2008R0210Br St ep
1: Pd/C (10% 24 ng) is added to an EtOAc/MeOH (2:1, 9 niL) solution of
conpound 5 1la6 (715 ng, 1.89 mmol). The flask is closed wth a septum

pl aced under yacyum filled with hydrogen at atnpspheric pressure and
stirred at R'Iiﬁ%iabout 2 h. The reaction vessel is placed under vacuum

filled with Aiagomethdre (scnhluto @M) isSaddeli 1€ Bif fbeQORT ethé&doldtidh 1o mPMVBO (6 nL) s
added to the sol uti I s then concentrated under reduced pressure

to a mni mal SPBIPQHE 86%13 11991”393[%@36[{"@0@ 289 palpdium acetaied 1@ Mg, 8.046 myaelbd,
fol  owed by ciheqeadivhinsikior: |§%§rré@Wer§Pht ak| Rﬂflﬁ@mg bver&lﬁté@s\!\%gr{e’a%lm xture

is heated at_75C for about luted w th aqueous

12 h, )
sat ur at ed°soditgnf (3 wht %‘%%Rr@e(‘tﬁied HDJerdpdrcedoressuead THR I %I@tecm\@umfze%@yloo
nmL). The conbbn@th er&ﬂﬂﬂo@rapﬁ??@ﬁ tG®% RORE th MdxaHe Y SRS mdh etHer dogdl UM

bi carbonate (2 x 50 , brine
and alcohol 69a2.

Step 3:
10 Aqueous 5 M NaOH (0.112 mL, 0.560 mmol) is added dropwise to a 0°C THF/MeOH

solution (2:1, 3 mL) of ester 69a3 (36 mg, 0.056 mmol). The solution is stirred at RT
for about 24 h, acidified with AcOH (1 mL) and purified by preparative HPLC to afford
compound 1172.

15  Step4: |
Thionyl chloride (12 pL, 0.163 mmol) is added to a 0°C DMF solution (2 mL) of
alcohol 69a2 (40 mg, 0.065 mmol), followed by one drop of DMF. The reaction
mixture is stirred at RT for about 3 h, diluted with saturated aqueous sodium
bicarbonate (50 mL) and extracted with EtOAc (2 x 50 mL). The combined organic

20 phases are washed successively with saturated aqueous sodium bicarbonate (2x50
mL), brine (50 mL), dried over Na,SO,, filtered and concentrated under reduced

pressure. The crude compound 69a4 is used directly in the following step.

Step 5:
25  Sodium hydride (60% in mineral oil, 5.2 mg, 0.130 mmol) is added to an ice cold

solution of 1,2,3-triazole (8.9 mg, 0.130 mmol). The solution is transferred over an
ice cold DMF solution of chloride 69a4 (41.8 mg, 0.065 mmol) and stirred at RT
overnight. The reaction mixture is diluted with saturated aqueous sodium
bicarbonate (50 mL) and extracted with EtOAc (2 x 50 mL). The combined organic
30 phases are washed successively with aqueous saturated sodium bicarbonate (2x50
mL), brine (60 mL), dried over Na,SQ,, filtered and concentrated under reduced
pressure. The crude residue is dissolved in THF/MeOH (2:1, 3 mL) and cooled to
0°C. Aqueous 5 N sodium hydroxide (64 uL, 0.320 mmol) is added. The solution is
stirred at RT for about 5 days, acidified with AcOH (1 mL) and purified by preparative
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(2 x 50 nL), dried over Na2SO4, filtered and concentrated under reduced
pressure. 15 The residue is purified by colum chromatography (20%to 60%
Et OAc/ hexwioes(y/t7e747af f ord conpound 64al. Step 2: DVAP ( PCT/amz0o8009®3 rmol )
and pyridine (0.078 nmL, 0.973 mml) are added to a 20 DCE (4 nL) solution
of aniline 64al (100 ng, 0.177 mmol) and acid chloride 1 b8 (116 ng, 0.530
nmml ). The reaction m xture is heated at 150C under m crowave conditions,
for 1 h, coolBHCt®affard 137#@pdd1dwth Et OAc (100 nl) and washed successively
wi t h agqueous saturated sodi um bicarbonate (2 x 50 mL) and brine (2 x 137
WO 2009/ 076747 PCT/ CA2008/ 002107 50 nlL). The organic phase is dried over
Na2So4, filtEXPLET®Aconcent rated under reduced pressure. The crude 64a2
is used dire i p. Step 3: 5 Aqueous 5 M NaCOH (0.695 niL,

3. 475 ol ) ?éé%éﬁﬁé’d{gﬁgﬁu%g%g a 0C THF/ DMBO sol ution (2:1, 3 nl) of the
crude ester 64a2. ffe solution i§'stirred for afout 2 h at RT, addified

with ACOH (1 m-) Hoursied { ed Plparsryve ro°aff8fd  co nd/ ~
1143. 10 EXAMPLE Prepar at i conpound F F CF3 HO GO F CF3
Step 1 ~ O~ CZMg, C ONa NNNI i NaN-0-1111 O 3b6 596 65aks OMe
Step 2 F F CF3 N'BbazH N N0.7% owve 1162 C% 15 Step 1: [
Step 4
CF, CF, CF, CF,
OO0l .o 0._0 0._0 0._0
sUeanisUone—RUsae— o0
N~ + N~ sSteps O Step5 HO
70a8 t Step 7 70a7 7026 70a5
CF, CF,
OH
QU
\N,N NN
70a9 70a10
5 Step 1:

lodine monochloride (5.00 g, 30.8 mmol) is slowly added to a RT glacial acetic acid
solution (40 mL) of 2-hydroxybenzotrifluoride 70a1 (5.00 g, 30.8 mmol). The reaction
mixture is stirred overnight at RT then poured over water (200 mL). The mixture is
extrated with EtOAc (3 x 100 mL) and the combined organic phases are washed with

10 water (100 mL), brine (100 mL), dried over Na,SQ,, filtered and concentrated under
reduced pressure. The crude residue is purified by column chromatography (100%
hexanes then 2% to 20% EtOAc /hexanes) to afford compound 70a2.

Step 2:
156 Sodium hydride (60% in mineral oil, 312 mg, 7.82 mmol) is added to a 0°C DMF

solution of phenol 70a2 (1.50 g, 5.21 mmol). he solution is stirred at 0°C for about 5
min and chloromethylmethylether (514 uL, 6.77 mmole) is added. The reaction
mixture is stirred at RT overnight, diluted with saturated aqueous sodium
bicarbonate (100 mL) and extracted with EtOAc (2 x 100 mL). The combined organic
20 phases are washed with water (2 x 50 mL), brine (100 mL), dried over Na,SO,,
filtered and concentrated under reduced pressure. The crude residue is purified by
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Pot assi um carbonate (103 ng, 0.744 mmol) is added to a DMSO (4 ml -)
solution of the chloropyridine 5a6 (175 ng, 0.558 mmol) and phenol 3b6
(150 ny, WOoWd/aTem7). The reaction m xture is stirred aCTROCoaswez17ght ,
cooled to RT, diluted with aqueous saturated sodi um bi carbonate (100 m -)
and extracted with EtOAc (2 x 50 nL). The 20 conbi ned organi c phases are
washed successively with aqueous saturated sodium bicarbonate (2 x 50 nL),
brine (2 x 5@omn chiteinstdgrapby (NYSEXanes thesr 234 taAle BiQAE éhexameeptoaffaest

reduced pres . ude residue is purified by colum chromatography
(30% Et OAc /%@%&H@?%{lom Et OAc) to afford 65al. 25 Step 2: Aqueous 5 M

NaCH (0.486 nL, 2.43 mmol) is added dropwise to a OC THEf MeOH 138 WO

2009/ 076747 R §A2008/ 002107 solution (2:1, 3 nL) of the ester 65al (166
ng, 0.243 —1The solution is stirred at RT for about 5 days, acidified
wi t h AcOH5( 1 mButylathainp (2.5 M iedekgngsr &p8malt, vid HiPLTis slowlyfafideditocdmmBolnd 1162.

PN Step 1 Seus SOREEN LRnD) o QIBRHR ohaS . RS SR e o riiec '
CF3 F F CF3 @&Csi#tédSbegabolit CEX0iVet -78TC! aNd OMF is. addledl (498 (L, 9.4D mmol). The
reaction mixture is stirred at RT for about 1 h, diluted with saturated aqueous sodium
bicarbonate (100 mL) and extracted with EtOAc (2 x 100 mL). The combined organic
10  phases are washed with water (2 x 50 mL), brine (100 mL), dried over Na,SO4,
filtered and concentrated under reduced pressure. The crude residue is purified by
column chromatography (100% hexanes then 2% to 20% EtOAc /hexanes) to afford

compound 70a4.

Step 4:
15 Sodium borohydride (143 mg, 3.79 mmol) is added to a 0°C MeOH (30 mL) solution

of aldehyde 70a4 (740 mg, 3.16 mmol). The reaction is stirred at 0°C for about 2 h,
diluted with saturated aqueous sodium bicarbonate (50 mL), concentrated under
reduced pressure and extracted with EtOAc (3 x 50 mL). The combined organic
phases are washed with brine (100 mL), dried over Na,SQ,, filtered and

20  concentrated under reduced pressure. The crude residue is purified by column
chromatography (100% hexanes then 2% to 20% EtOAc / hexanes) to afford

compound 70a5.

Step 5:
25  Thionyl chloride (377 uL, 5.17 mmol) is added to a 0°C DCM (20 mL) solution of

alcohol 70a5 (610 mg, 2.58 mmol). The reaction mixture is stirred at RT for about 1
h, diluted with saturated aqueous sodium bicarbonate (50 mL) and extracted with
EtOAc (3 x 50 mL). The combined organic phases are washed with brine (100 mL),
dried over Na,SO,, filtered and concentrated under reduced pressure. The crude

30 residue 70a6 is used directly in the next step.

Step 6:
Sodium hydride (60% in mineral oil, 196 mg, 4.90 mmol) is added to a 0°C DMF

solution (3 mL) of 1,2,3-triazole (336 mg, 4.87 mmol). The reaction mixture is stirred
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1163 ONO 10 Step 1: Palladium acetate (14 ng, 0.021 mvol) is added to a
solution of 1,10-phenanthroline (3.6 ng, 0.020 mml) in ethyl vinyl ether
(5 nm). ™We2woreT4e is stirred at RT for about 15 m n POTRRAQeISW21A7
solution of alcohol 3b4 (500 ng, 1.04 mol) in ethyl vinyl ether (5 nl).
The reaction mxture is heated at 60C for about 46 h and cooled to 15 RT

Silica gel is ed an he m xture is, conc d unde uced [essure.
The solid ié@ cgfdjg %Q?“gﬁ{) ginagg fr %sgeré%q °V@6Pf¢n¢1 %S@Fiﬂ O\mﬁﬁ?%@%g

Et OAc/ hexaneghlbide 2046Q620 \ngn2|44Qﬁ|’ﬁ6l6 T@\@&éac’cﬁh@tﬁlxtare i8 @tifrsY for é&&%z Hét ng) is
added to a MeOH sol utjon

he b h 6 0. 26
mol ). The rBactiutf W@%%@Fraﬁ%d i‘%"@%ﬁtswei‘t' sza Eﬁﬁeriﬁn %&ﬁ%& ‘W’U%cuumY

and filled bamwatmdslm; q%rboﬁnonr%urmgr phdseB RS WHEHd Jﬂﬁorrn@am@ @n),m xture
is stirred overnight under qa,%dro he reaction vessel is placed under

vacuum arl  F1igq Eer HaeROuifit sé\rangf%cernérateﬁ%ﬁemeﬁ%ﬁdeprﬁgsw| Eover
Celite(r) an%s\@%h@ﬂuh‘ﬂeﬂfbyb%ﬁm%&tﬁ&ﬂ%@?a%wﬁdBﬁ/.T h&RA80 HAGIRYAE sotd OAc (100

m.). The organl C }[Oh ase i s concentrated under reduced pressure and the

resi due 66a2EfQAquthexpRs t%?ﬁ‘?.féqrﬁ"‘f‘*ﬁ%of?ﬂ”ﬂ%"ﬁlﬁm?kﬁn E‘ng 3: 5 Potassium
carbonate (71 ng, 0.512 mml) is added to a DVSO (2 m -) sol ution of

chl oropyridine 5a6 (89 ng, 0.282 mmvl) and phenol 66a2 (107 ng, 0.256
nmol ). ~The BtRckion mixture is stirred at 80C overni ght, cooled to RT,

dil uted y thaggugaueN mﬁkrybm;% SR Ealt € THIORA R (IORLIbY dorfidingy r act ed

with EtOAc (2 X nbi ned organi ¢ phases are’ wash

successi vel y70a% Wdalﬂﬁgdﬁgg g8 dridtranol odieuapationsnixiyreis Meraed EPJ@ B ard)
brine (2 x 591eﬂ1r9eate@rdt 86 QY&r abUﬁ%Spﬁ' he réécft:@ﬁ ‘ﬁﬁ %qs c&ﬁ&@ ﬁﬂﬁf aénl@@d%ﬂer

reduced pressure. The crude residue is hr omat ogr aphy

(30% t o 80% satayRighagugeus podigmdigappanats mLstaévg eaﬁlra@ﬂsd wdhéé%c & ¥pWaoH
(0 122 m, Omf“E}GrH@H&Hb.de% &Qgﬁgaﬁééé@‘@réﬁ?%ﬁbdﬂmﬂpb F{éﬁﬁb@ﬂﬂ) il lébéron (2: 1RT3

-) of the ester 66a3 he solution i's stirred at

f or about55 Hay&Q., Hitered ﬁndaaomentﬁamd @rderiregiyiced pieRpUpRrTihpicBerpsigveisar at i ve
HPLC to purified by column chromatography (30% EtOAc / hexanes to 100% EtOAc) to afford

a mixture of compounds 70a9 (elutes first) and 70a10.
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af ford conmpound 1163. 20 EXAMPLE 67A Preparation of conpound 1164 BnO CO2Me
BnO CO2Me HO CO2Me  Step 1 Step 2. N-..,p NO NQO,,-,0\> -0 66al 67al F
F CF3 Cl woepyd76M75a6 FFC F F F CF \/ ~ /OCOZH Step #C¥/Azios@axivr | | N
l: NI/ ECN _, NND1-O0 N11 0 1164 OO | 67a3 140 WO 2009/ 076747

PCT/ CA2008/ 002107 Step 1: Diazonmethane (5 nL, 0.6 Min ether) is added to
an ice cold ether solution (10 nL) of vinyl ether 66al (170 ng, 0.336
mol ) and paFX&MRLEAOEcet ate (10 ng, 0.045 5 nmol). The reaction mxture is
stirred over ver Celite(r), washed wth EtOAc (50
m.) and concgnét?%ate rﬁ é%‘g(tijgae%ppr essure. The residue is purified by

col um chr omat .09 aph (10%to 400 EEOA\C in hexane tlo afford conpound
67al. 10 Step 2@@%‘ (316;9/9z 10" F& addestet a Ologti on (10 nl) of
t he benzyl ethe 7al (132 ng, 4, mol). The re g vedwel is closed

with a septum placed under vacuum and fil I ed backCvat hydrogen at
at nospheric pressure. The reacti®f m xture OHL
Step 3

7029 f".‘
N

CF, 0 CF, 0
0 0
ST w GO
-N
NN Step 4 N NO,

NH,
70b4
lStepf) 70b3
CF, 0
0]
=N OBn =N OBn
4\ 'llv@/ \d‘\ OH (\ ﬁ \dL OMe
N~ N{ Step 6
> OMe
70b5 70b6

Cl

O/&O Step 7

1a8

=N OH OBn
NN OMe Step 8 OMe
v e T
OMe OMe
2003 o 70b7

5 Step1:
3-fluoro-2-methylbenzoic acid (5.0 g, 32.4 mmol) is dissolved in sulfuric acid (35 mL)

and the resulting mixture is cooled to 0°C. Nitric acid (4.0 mL) is added dropwise
over about a 10 min period. The reaction mixture is stirred at 0°C for about 2 h,
poured over ice and extracted with EtOAc (2 x 50 mL). The combined organic

10  phases are dried over Na,SO,, filtered and concentrated under reduced pressure to
afford crude 70b1.

Step 2:
Potassium carbonate (2.05 g, 14.8 mmol) is added to a RT DMF (60 mL) solution of

15 acid 70b1 (1.48 g, 7.32 mmol), followed by benzyl bromide (1.06 mL, 8.91 mmol).
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I's stirred overni ght under hydrogen. The reaction vessel is placed under
vacuum and 15 filled back with Ar. The reaction mxture is filtered over
Celite(r)wandoovwastied with EtOAc (100 nl). The organi c pPoAAA20@8/002107
concentrated under reduced pressure to afford crude 67a2 which is utilized
crude in the follomdng step. Step 3: 20 Potassium carbonate (212 ng, 1 53

nmmol ) is add DV on .of | di ne 5a6

076k ol ) LR TRTa ok & stEeh st Sht oyt epredfodfY st Rl o Boc
over ni ght, cemd edractediiith EHOAGL(2 ot motdﬂ.)sahew@hladecaqngenhsphas?bmmdshecar b(r)]nat e
100 nL) and rac t. OAC The conpin ni ¢ phases
bre vashed sWELbaE GE 1D, SR Butrdrdsly pifrdsidd forianBact Loasbiked (5 x
50 nL), bri ngrebsury. B ¢rlde redidueds purified g 2510én dhrdbrhatogchpan (0% Bta&Nnr at ed
under reduced pressure. Th? Q]régge residue is purified by colum

chr omat ogt ap'?\?%(‘g 0P CEOBRHGE/BRE hex) to afford 67a3. Step 4: 30 Aqueous 5
M NaOH (0.354 nL, 1.77 mmol) is added dropwi se to a OC THF/ MeOH sol ution

(2:1, 3 m) the ester 67a3 (125 ng, 0.177 nmmol). The solution is stirred
at RT for abgm days, acidified with AcOH (1 nL) and purified by

preparative £BiGm ctaﬂoo%taféﬁ%dn@mﬁﬁhoiswéddea‘{& 2\ SORY(ASP éfester 70b2
PCT/ CA2008/ 002107 EXAMPLE 68A Preparation of internediate 68al Step 1

aNsnBu68al §-Q30eh 3163 mosli@pd |ph@mh?ﬁa? £888 M. hohewahe She paghommixturg iss ol )

i s addedqlr ogediGor Sbob2 hGR 75@'&&?@5&1’?\@% ﬁ#oth@so)uuéms%lb% Wit aqueous
N, N- di net hyl et hanol am ne (O 1) he reaction m xture is

stirred at O%BtBiged96IMM g@arhpnatatm%méhamq Wéra&teﬂ(WIWeE@ﬁ@épruﬁh)oﬁh% 10 m -)
of 2-cycl oprwﬁ.ﬁwb@bﬁ@ ph364} érgwa%hé’@wrmga doub%aﬁf#&l@&lsoocllﬂm%lcra‘?@&%{é)n

m xture is stirred for about m n at t hen cool e

recei ve a hetandGmépibine 60 mn_dﬁed yVfoMgSr%ﬁlteye@ﬁa%ﬁgnceetﬁat_gd ugger( 3. 44 g,
10.5 nmol ) . aregg@endi%{égé{fr@. Tre Gldd Ffiudls putilifed B cAARNEnSRatBgiaph)s o t 0 RT

over about
15  50% EtOAc/hexanes) to afford 70b3.

Step 4:
Saturated agueous ammonium chloride (20 mL) is added to a RT 2-propanol (20

mL) solution of nitro 70b3 (855 mg, 1.67 mmol). Iron powder (652 mg, 11.5 mmol) is
20 added and the resulting reaction mixture is stirred at 60°C for about 3 h. The mixture
is cooled to RT, filtered through Celite® and washed with EtOAc. The organic phase
is collected, washed with brine (2 x 50 mL), dried over Na,SQ;, filtered and
concentrated under reduced pressure. As approximately half of the material is
saponified to the acid, the crude reside is redissolved in DMF (50 mL) and potassium
25  carbonate (461 mg, 3.37 mmol) and benzyl bromide (0.245 mL, 2.02 mmol) are
added.The reaction mixture is stirred at 80°C overnight, cooled to RT, poured over
water and extracted with EtOAc (2 x 100 mL). The combined organic phases are
washed with brine (2 x 100 mL), dried over MgSQ,, filtered and concentrated under
reduced pressure. The crude aniline 70b4 is used directly in the next step.
30
Step 5:
The crude aniline 70b4 (550 mg, 1.14 mmol) is dissolved in MeOH (1 mL) and 2 M
HCl in ether (1 mL) is added. The mixture is stirred at RT for about 1 h and
concentrated under reduced pressure. The resulting residue is dissolved in MeOH
35 (10 mL) and a MeOH (3 mL) solution of dihydroxyacetone (649 mg, 7.21 mmol) is
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period, diluted with water (100 m-) and extracted with ether (2 x 50 nL).
The 15 conbi ned organi ¢ phases are washed with brine (2 x 50 nL), dried
over Na2Se©9,200907614er ed and concentrated under reduced pPETHA2e08100210Ht ai N
crude 68al. EXAMPLE 68B Preparation of compound 1169 20 142 WO

2009/ 076747 PCT/ CA2008/ 002107 CF3 N SnBu CF3 0 COOMe 3 aN 0 COOVe Owe
68al N Ov F N~ FN-C O OWe Step 1 0 OV 57c2 68b1l ""I. O~ Step 2
CF3 0 CO2H | Afdad-Thareactipn mixture ipptireria qRTSoepbaut 15 and & Mekt sketipe Bube,

chloride 57C%L§/$f)m Olg?anjo@ m;}dﬁp@#ae (286 RiY 4128 nﬂirﬁ9@§§é:‘déle@'\’ﬁwér%acﬁﬂn degassed

by bubbling a soni cating for about 10 mn) along wth
stannyl 68almbgue isrgfireg ajtﬂfrfmbc)ut1Fbu(iﬂ1|ﬂﬁ@yvnh@agem§sawreﬁf¢8ﬁﬂIHm i s added,

the tube is Eféallg%%zt%r( t) do'ﬂcé faatéahﬁﬁo% |Je%§tg'eft9% rARinfEl ()(')luﬂal%“%ma1 xture

is diluted In vvase x and brine (2x).
combi ned @rgaﬁrao;t;edmnralﬁ@&w(ﬂe@ﬁw&} Tﬂvgsgmbmlemor@af@dpfmas étﬁw\&@‘-f’ﬂeﬂ'ém@d The

crude resi dusgue%ue%ﬁﬁﬁ eggg@umsdﬁ'&%orﬁaltég (QWL)SCHPihH'(@b IG'IE%%IE@O\?&% EtOAc in

hex) to afford conpoun ueous , 1.505
mol) is addéldz%@oﬁltﬁrséaﬂ@h%“@@”ﬂﬁﬁ/W@@%ﬁ%ﬁqf%ﬂ' h@zc’fllde Igsige)s of ester

68b1 (85 My, ,0:irkZ%yBiRInn chrbfafgtdphl 280d% EtSALRELE RIosEtOAC) to afford 70bS5.

10 Step 6:
A DMF suspension (2 mL) of sodium hydride (95%, 44 mg, 1.74 mmol) is added to a

0°C DMF solution of compound 70b5 (440 mg, 0.791 mmol) and iodomethane (247
uL, 3.95 mmol). The reactioh mixture is stirred at 0°C for about 1 h and more sodium
hydride is then added (95%, 44 mg, 1.74 mmol in 2 mL of DMF). The reaction

15  mixture is stirred at 0°C for about 1 h, diluted with aqueous saturated ammonium
chloride (50 mL) and extracted with EtOAc (2 x 50 mL). The combined organic
phases are washed with aqueous saturated sodium bicarbonate (2 x 50 mL), brine
(50 mL), dried over Na,SQ,, filtered and concentrated under reduced pressure. The
crude 70b6 is used directly in the next step without further purification.

20
Step 7:
DMAP (1.6 mg, 0.014 mmol) is added to a DCE (1 mL) solution of aniline 70b6 (40
mg, 0.068 mmol), acid chloride 1a8 (44 mg, 0.27 mmol) and pyridine (32 pL, 0.41
mmol). The reaction mixture is heated at 150°C for about 45 min in a microwave.

25  The reaction mixture is cooled to RT and then pyridine (32 ul, 0.41 mmol) and acid
chloride 1a8 (44 mg, 0.27 mmol) are added. The reaction mixture is resubmitted to
microwave conditions (45 min at 150°C), cooled to RT, diluted with aqueous 1 N HCI
(10 mL) and extracted with EtOAc (2 x 50 mL). The combined organic phases are
washed with aqueous 1 N HCI (50 mL), saturated aqueous sodium bicarbonate (2 x

30 50 mL), brine (50 mL), dried over Na,SO,, filtered and concentrated under reduced
pressure. The crude reside is purified by column chromatography (20% EtOAc/hex
to 100% EtOAc) to afford 70b7.

Step 8:
35 Palladium 10% on charcoal (15 mg) is added to an EtOAc/MeOH (2:1, 6 mL)
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for about 5 days, acidified with AcOH (1 ml-) and purified by preparative
HPLC to afford conpound 1169. EXAMPLE 69A 20 Preparation of conpounds
1172, 11Aso2ndy/das 143 WO 2009/ 076747 PCT/ CA2008/ 0021@TT1/CAZ808®0210CO0VE
CF3 CO2M O N F N~O O+ HO 3 Step 1HO & ,N F N SnBu Ow 0 25al O 69al
J( "1( CH3 CF3 Step 2 CF3 OCo2Me O CO2Me OV MO N F N Ow + HO ~N F
N-C 69a3 -COve 69a2 O Owe 0'0 Step 3 Step 4 CF3 CF&CN 0 CO2H Owve O 1
CO2Me | OMVe smistipmoithe bnzyl estenFOb7-(RENGOD17gmnol). The reaqtipp raistaize it ep 5 CF3

CF3 3 0 CO2RyacifhitddRAd B back with hydrogen at atmospheric pressure. The reaction
mixture is stirred at RT for about 15 min, filtered over Celite® , washed with EtOAc
and concentrated under reduced pressure. The crude residue is purified by

5 preparative HPLC to afford 2003.

EXAMPLE 71A

Preparation of compound 4002

_ =
OMe cl n N{Ome
<N OMe
\\\\\ 2a5 P w2

10

Potassium carbonate (277 mg, 0.854 mmol) is added to a DMSO solution (5 mL) of
phenol 2a5 (160 mg, 0.407 mmol) and chloroisoquinoline (73 mg, 0.477 mmol). Thé
reaction mixture is stirred at 150°C for about 10 min, cooled fo RT and filtered. To
15 the resulting solution is added aqueous 2.5 N NaOH (0.3 mL, 0.750 mmol). The
reaction mixture is stirred at RT for about 3 h, acidified with glacial AcOH (2 mL) and

purified by preparative HPLC to afford compound 4002.

EXAMPLE 72A
20  Preparation of compound 4003

HO COMe COH
Cfe o OO
'~
o OMe N OMe
2a5 ::1: 4003

Cesium carbonate (208 mg, 0.640 mmol) is added to a DMSO solution (5 mL) of

25  phenol 2a5 (120 mg, 0.305 mmol) and chloroquinoline (50 mg, 0.305 mmol). The
reaction mixture is stirred at 150°C for about 10 min, cooled to RT and filtered. To
the resulting solution is added aqueous 2.5 N NaOH (0.3 mL, 0.750 mmol). The
reaction mixture is stirred at RT for about 3 h, acidified with glacial AcOH (2 mL) and
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NFI/ NN/ O + NNI N . ?2Ir N" NFN~O& 0 Owt 1173 c'0o 1174
Step 1. Bis(tri-tert-butyl phosphine)palladium (38 ng, 0.075 mol) is added
to a DVF wo=xobut7sn (4 m-) of conpound 25al (510 ny, OPTA/CAMGS/0p2@Nd
stannane (285 ng, 0.822 nmol). The reaction mxture is degassed by
bubbling Ar in the solution for about 15 mn, stirred at 100C for about 2
h, cooled to RT, iluted wt eous  satura sodi um bi car bonat e and
extracted wi PH“fﬁd%&cm?Qarﬁt"?dg%lta(??o ﬁ’JFlPéd(?SWB?WE{jf&grgani c phases are washed
successively with aqueous saturated sodium 10 bi carbonate (2 x 50 nL),
brine (2 x SM;,EI%EOI over Na2SO4, filtered and concentrated under
reduced pres yPL crude residue is purified by colum chronmat ography
(40% t o 60% Piépifration BESGMPoUNd 2006 f or d conpound 69al. 144 WO 2009/ 076747
PCT/ CA2008/ 002107 Step 2: Diazonethane (5 nL, 0.6 M is added to an ice
cold ethe? solution (10 nL) of conpound 69al (100 ny, 0.163 nmml) and
pal | adi um acetate (10 ng, 0.045 mml). The reaction mxture is stirred
over ni ght at «RT_fdout er ed over :m e¢l hcomshed with 5 EtOAc (50 niL) and
concentrat ed ur reddced SErlessur The lrestaee is purified by columm
chromat ogr aphy (50%\tg,.90% EtOAc in hexan §§fgwg afford met hyl ether 69a3
and al cohol 69 Step 3: 1queous15 (0.112 m., 0.560 mml) is
added dropw s¢ 10 adC THF/ MOH solutioh (2:1, 3 m-) of ester 69a3 (36
ng, 0.056 mmol ). The solution’is stirref at RT for about 24 h, acidified

with AcOH (1 ml-) and purified by preparatizve HPLC to afford conpound
1172. 15 Step 4: Thionyl chloride (12 Ly 0.163 mmol) is added to a 0C DW

solution (2 m-) of
O 0 COH -
\g[/l;COMe
4006

Step 1:
Copper (l) chloride (13 mg, 0.13 mmol) is added to a NMP solution (3 mL) of phenol

10 2a5 (100 mg, 0.254 mmol), iodide (77 mg, 0.35 mmol), cesium carbonate (166 mg,
0.508 mmol) and 2,2,6,6-tetramethylheptane-3,5-dione (5 uL, 0.025 mmol). The
reaction mixture is evacuated and filled with nitrogen. The cycle is repeated 5 times
then the reaction mixture is stirred at 120°C for about 2 h, cooled to RT, diluted with
saturated aqueous sodium bicarbonate and extracted with EtOAc (50 mL). The

15 organic phase is washed with aqueous saturated sodium bicarbonate (2 x 50 mL),
brine (50 mL), dried over Na,SO,, filtered and concentrated under reduced pressure.
The crude reside is purified by column chromatography (20% EtOAc/hex to 60%
EtOAc) to afford 73a1.

20 Step 2:
Aqueous 5 M NaOH (0.265 mL, 1.32 mmol) is added dropwise to a 0°C THF/DMSO

solution (1:1, 2 mL) of ester 73a1 (46 mg, 0.089 mmol). The solution is stirred at
40°C for about 2 h, acidified with AcOH (1 mL) and purified by preparative HPLC to
afford compound 4006.

25
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al cohol 69a2 (40 ng, 0.065 nmol), followed by one drop of DMF. The reaction
mxture is stirred at RT for about 3 h, diluted with saturated aqueous

sodi um bwvoanartetde (50 nL) and extracted with Et OAc (2PKTEA20d8)0021Dhe

conbi ned organi c 20 phases are washed successively with saturated aqueous
sodi um bi carbonate (2 x 50 nL), brine (50 nlL), dried over Na2SO4, filtered
and concentrated under reduced pressure. The crude conpound 69a4 is used
directly in PXAMRLEI"ABwi ng step. Step 5: 25 Sodi um hydride (60%in mineral

oi |, 5.2 ny, piephidtioh®H dompodfifprst 0 an ice cold solution of

1,2,3-triazole (8.9 ng, 0.130 mml ). The solution is transferred over an
ice cold DVF solution of chloride 69a4 (41.8 ng, _0.065 nmol) and stirred at

RT overnight. Thefreactio Ll xture is diluted it h_sat urgfed aqueous

sodi um bi car bonages ? ang extracted K;QE%@AC X 50,4L). The

conbi ned organi N vare washedersuccessi A eous saturated
sodi um bi carbongte (2 x50 yve brine (50 ni), dried~quar S, filtered
and concentrat ed uritiér ‘ué)ed pressure. The cfilde feslidue is dissolved in
THF/ MeOH (2:1, 3 nl) ant cooled to OC. Aqueous 5 N sudi um hydroxide (64 L,
0.320 nmmol ) is added. The solution is stirred at RT;for about 5 days,
acidified wwth AcOH (1 m-) and purified by preparati 2145 WO 2009/ 076747
PCT/ CA2008/ 002107 HPLC to afford 1174 and 1173. EXAMPLE 70A Preparation of

internediate CF3 CF3 CF3 CF3 COH Step 1 OH Step 2 O- O,, Step 3 11 1"d 111
CF3 O-0 096~ Step | + N NN

70al 70a2 70a3,0 70a4™ Step 4 CF3 CF3 [
|- Step 6 O | ji-ySt ° 28" 70a7,St epl7 7026y 70%5N Ote
N/ \ | OMe O\// OMe
NS ~N E N{ - 4 N % =N F N‘<:
O*O OMe o
175 = 74a2 "
Step 1:

To a solution of chloride §7¢2 (200 mg, 0.33 mmol) in DMF (2 mL) are added
5  trimethylsilylacetylene (162 mg, 1.65 mmol), Cul (6.3 mg, 0.033 mmol), Et;N (0.230

mL, 1.65 mmol) and Pd(PPh;), (38 mg, 0.033 mmol) at RT. This mixture is stirred at
120°C in the microwave for 10 min. TBAF (1.65 mL, 1 M solution in THF) is added at
RT and the reaction mixture is stirred for about 30 min. A saturated aqueous solution
of NH,Cl is added and the mixture is extracted with Et,O (3x). The organic layers are

10  combined, washed with brine, dried over anhydrous Na,SO,, filtered and
concentrated. The crude residue is then purified by flash chromatography using
(20:80 to 60:40) EtOAc/Hex to afford compound 74a1.

Step 2:
15 To a solution of alkyne 74a1 (123 mg, 0.21 mmol) in water (1 mL) is added azide

44a2 (97 mg, 0.62 mmol) at RT. This mixture is stirred at 120°C for about 3 h, then
at 85°C for about 16 h. The reaction mixture is extracted with Et,0 (3x). The organic
layers are combined, washed with brine, dried over anhydrous Na,SO,, filtered under
vacuum and concentrated. The crude residue is purified by flash chromatography

20  using (20:80 to 70:30) EtOAc/Hex to afford compound 74a2.

Step 3:
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OH OH 70a9 70al0 5 Step 1: |odine nonochloride (5.00 g, 30.8 nmmol) is
slowy added to a RT glacial acetic acid solution (40 m-) of

2- hydr oxyWwera@ta7sfa7uori de 70al (5.00 g, 30.8 mml ). ThePCEa20@sM02107 Xt ur e
is stirred overnight at RT then poured over water (200 nmL). The m xture is
extrated with EtOAc (3 x 100 m-) and the conbi ned organi c phases are
washed with 10 water (100 nmL), brine (100 nL), dried over Na2SO4, filtered
and concentrated under reduced pressure. The crude residue is purified by
col utm chr oo agoditihg of asienZ4a2dx Me€iH (1heh) I8 Hdded arﬁ)gfqlﬁoﬂé\(NdO‘remium)(St o]

. 782 ol C08% B 027 s REy A MR M Ee Yaietebs BoaBEhelly "5 21

mmol ). he soécidifietwitls 194 HOt end extrae@d with EfOAt (45%). Tma norahided fractlons are

(r:ﬁhi(?trjfgeit gy!s rreé’e&{;‘%éﬂ&gé@r%legrﬁ?du%ﬁsﬁg%ggglveﬁWa“ggﬁﬂ %t”ﬂg Qéﬁgz)hgnsodi um

bi car bondi e (tmﬁethprlbu)y)dazdmebh'anam (Yl mi_t h VEdRADN (2 E%O) @0aduded at T Tdnenbi ned

20 t 50 _ni i 10 d d
over nazson ARl Al TEeliEa thiaholE) Bt G bremrict et dBelPRt e sy e
residue is pdls$dIV®bInlayTHF_L€n6mvw Méoal(mmetm@Tdrﬂﬁa?ﬂﬁﬂ!eGOQNamH smjtiurrm5

chr omat ogr aplyy % 0% E QAc ford
conpound 70a§’. Oéég%gaqé%nﬁé& y? | f PR ﬂg@?ﬁ%ra o%t %g , 4.14
mmol ) is sl oedncenated Tbe eesidi@ iCre- QBMedsnlaLMe(bH ({8i) rrAicOHfm hﬁd@ph&ml 70a3

(1.18 g,,3. 54 ) 4 wihe r [ iLxture. is stirred fo 1 n at
e ant? o] Bk o) efepeBth LG Rk sRons g bohiRey rifh st pored
stirred at Ry lyophileation tolafford durewoetbound 128t ur at ed agueous sodi um

bi carbonate (100 nL) and extracted with EtOAc (2 x 100 nL). The conbi ned
organi c 10 phases are washed with water (2 x 50 nmL), brine (100 nL), dried
over Na2SO4, ExAmBLEaSAd and concentrated under reduced pressure. The crude

residue is pyrified b col um omat ogr aphy (100% hexanes then 2% to 20%
Et OAC /hexang'ée)pafﬁ %%f&%"p%%‘g{]{?d 70a4. Step 4:

B HO COOMe COMe
OMe Step 1 \ \@
o+ C oo C

[ N7 B OMe
0 ¢}

2ab 75a1
J Step 2
F,.C

F.G
0 COH N o cOoMe CO,Me
- \-s {OMG Step 3 \_s OMe 9 3 {
N —_—
N OMe 0
o

4016 75a3 75a2

OMe
OMe

OMe
OMe

Step 1:

Cesium carbonate (2.48 g, 7.62 mmol) is added to a DMSO solution (10 mL) of the
20  phenol 2a5 (1.78 g, 6.61 mmol) and 4,5-dibromo-thiophene-2-carbaldehyde (35 mL,
5.08 mmol). The reaction mixture is stirred at 80°C for about 16 h, cooled to RT,
poured over water and extracted with Et,O (3 x 50 mL). The combined organic
phases are concentrated under reduced pressure. The crude residue is purified by
column chromatography (30% to 70% EtOAc in hexanes) to afford compound 75a1.

25
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15 Sodi um borohydride (143 ng, 3.79 mmvl) is added to a 0C MeOH (30 nl)
solution of aldehyde 70a4 (740 ngy, 3.16 mol ). The reaction is stirred at
0C for abwot2o®/i16747di | uted with saturated aqueous sodi urchicxandsmozatog (50
m.), concentrated under reduced pressure and extracted with EtQAc (3 x 50
m.). The conbined organic phases are washed with brine (100 nL), dried
over Na2SO4, filtered and 20 concentrated under reduced pressure. The crude
residue is pBieRfded by colum chromat ography (100% hexanes then 2%to 20%
Et OAc / hexa Y ; : i i de (377
pL, 5.17 m??&%g%?ﬁi%&%%t%@%%@%@@;%O oo B RORAY (RLOGE S (610
nmy, 2.58 mmolhe . brarhide78at (416nmai GT4 mniod andicopeer iedide(268ang, dbdumnmpl). h,

il uted i { ot e AN RO SO IR G HRARY B8Pl Bi) bRt o

with EtOAc _ conbi ned organi c phases are bri ne
(100 nlL),5 dior edotherctO Muma@icoofed to &¥Te dha rebctiom e arascboureticover watec ed

pressure. Th : i I\S i . ep.
Step 6 Sodi T PariedipRDRAtTs LBl THE Boinfibhe Gldali iigholfaids 8 30 4 ¢
a 0C DVF soWith brire (2 AL fdrigd pye-Na.FQz diltered3®@ asgcentragsd under jeduTed
reaction mx j ' : - / 4 Q02 1. at 0C
for about 30ﬁ%§%rg? t&rrgérié eSIrdgaégs %@g@@%@ﬁ%&gﬁ{o%ﬁﬂ?% %%(25/1? benzyl
chl ori de 70aBtQA820 hergne?) taffandEympding F5@@@nd campodndi7%a3.s stirred for
about 2 at RT, diluted with saturated aqueous sodi um bi carbonate (50 nL)
and extracted with EtQAc (3 x 50 nlL). The conbi ned organi c phases are
washed with $tepde (100 nlL), 5 dried over Na2SO4, filtered and concentrated

under reduce : resi ' Lifd by .col.u

chr omat ogr apﬁ?‘gﬁm gggﬂgg%ﬁﬂeﬁi tﬁﬁwgggﬁq’/ﬁ&lﬂo‘%&\@ %Sﬁé&%ﬁ%{%m epgf% ord a
m xture of campdaEmpki37A.and 70a8. Step 7: 10 Aqueous | N HC (2.0 nL) is
added to a 0C THE solution (10 m-) of conpounds 70a7 and 70a8 (699 ng,
2.44 mmol ). The reaction mxture is warnmed up to RT and then heated at 65
C for abtaut 3EXamPLEG6Acacti on m xture is cooled to RT, diluted with

sat ur at ed agyeous sodifum bi car(};lgdggte (50 nm.) and extracted with EtOAc (3 x
50 nl). The" EhAAtPAPriomReUndfllles are washed with brine (100 i), dried

over
e CO,Me O COH
ﬁ/ \©i {OME Step'] F F \ S ’<:OM6
N E— N
0= C )% OMe CN ()/g OMe
o) 0

75a3 4017

20 Step1:
Compound 75a3 is transformed to compound 4017 using the procedure described in
Step 3, Example 75A.

EXAMPLE 77A

25  Preparation of compound 4018

Br Br
~C CO,Me O COH
\ S {OMe Step 1 F \ i OMe
J oo i
0
O/KO OMe CN O/go OMe

75a2 4018
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15 Na2SOH4, filtered and concentrated under reduced pressure. The crude
residue is purified by colum chromatography (30% Et QAc / hexanes to 100%
Et OAc) toweafzbevidé74a m xture of conpounds 70a9 (el utes fiPCItQA20080070210. 148
WO 2009/ 076747 PCT/ CA2008/ 002107 EXAMPLE 70B Preparation of conpound 2003
&B, F CO2H Step 1 F 1& CO2H Step 2 F NO z NOz 70b2 70bl CF3 ~ OH 70a9 "\
NI / Step 3 CF3 OCF3 &NO2 N O OBn NOBn "Step 4 "N NH2 N 70b4 Step 5
70b3 CF3 O cStepd:N O OBn f300Me N | f \Step 6 NN-C H OH H Ove  70b5 70b6

Cl o Step 7 é%ou%a@ |gt:r§n9‘o é%ootogd nPu6is é&rfn)g%gépéoé%dggez%%rn%éblyzoc’?’

~O 70b7 0 5 Step 1: | uor o- 20| C acl
di ssol ved i nStegl EK?'@P&J% (35 n) and the resulting mxture is cooled to
OC. Nitric acid (4.0 mM-) is added dropwi se over about a 10 m n peri od.

The reaction m xture is stirred at 0C for about 2 h,
5 EXAMPLE 78A

Preparation of compounds 4019 and 4020

CO,Me CO,Me

(s $ \@ OMe \@[ OMe
{ Step1a {

OMe OMe

75a2 78a1

t Step 1b j Step 2a

O CO,Me ] 0 COH
\ OMe \ OMe
S
o OA OMe N
0

78a2

J Step 2b

10  Step 1a:
Pd(PPh;)4 (1.35 mg, 0.005 mmol) and sodium carbonate (2 M solution in water,
0.375 mL, 0.750 mmol) are added to a DMF solution (1 mL) of the bromide 75a2
(150 mg, 0.258 mmol) and trimethylboroxine (97 mg, 0.773 mmol). The reaction
mixture is stirred at 120°C in the microwave for 20 min, cooled to RT, poured over
15 water and extracted with Et,O (3 x 50 mL). The combined organic phases are
washed with brine (2 x 50 mL), dried over Na,SO,, filtered and concentrated under

reduced pressure. The crude residue is purified by column chromatography (40% to
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poured over ice and extracted with EtOAc (2 x 50 nmL). The conbi ned organic
10 phases are dried over Na2SO4, filtered and concentrated under reduced
pressure wo 20@fi7614d crude 70bl. Step 2: Potassi um car boraraA22080621)7 14. 8
mmol) is added to a RT DMF (60 m -) solution of 15 acid 70bl1 (1.48 g, 7.32
mmol ), followed by benzyl bromde (1.06 ni, 8.91 mml). 149 WD 2009/ 076747
PCT/ CA2008/ 002107 The reaction m xture is stirred at 80C overni ght, cool ed
to RT, pour e FRPAGH kexanesido afferdsompaund 8%t OAc (2 x 100 nL). The

conbi ned organi c phases are washed wth brine (2 x 100 nmL), dried over
MySO4, filtered and concentrated under reduced pressure. The crude residue
is purified %@E@élunn chromat ography (20% EtQAc in 5 hexanes) to afford
ester 70b2. [ a DVBSO
ol ut i on of 2o Bouti iR (a g RRAL Salnbathly S0 BB oot YR o ", 8
mol ). The riges 2enddi ﬁKQIT‘EleI:igA 10 stirred for about 2 h at 75C. After
cooling to RT, the solution is diluted with agqueous saturated sodi um

bi car bonat e 5100 m-) and extracted with EtOAc (2 x 50 nmL). The conbi ned
or gani ¢ pha washed wi th aqueous saturated sodi um bi carbonate (2 x

50 nL), b t ed und
redchad p;;g%llj(fgﬂsx’rl{h)ss mgdgg?ée)}s{ﬁ L}g@}%gbdurl {:Irgérgﬂggf %ﬁ“ﬁnﬁﬁc igtﬁgt o;paSLy
(20% to 15 &886 BLOACT Boaoicarp addedifda)DMFmihBLonﬁ ) &f thsam'mmﬂeadaaqueous
hi - | ut
o it r 010703 s 023 My bl BiessBron Behoriials MERE Bar bl K %1 5 20
added and t hreactimuhikiungisrsticed BOTROTC theemlcsn\n&t/erfdrad)raih ﬁd}lﬂédtorR'labout 3 h
The m xt hed with
IS Xt ShiPREald AL EL Y ] rheohyped s 1
dri ed over Nﬂ@seiﬂarefwasthedmthamde (zmﬁﬁmu)rca‘teelcbvanuegsmeﬁltw@ﬂarm essure. As
t el t f i th d
oot do 15 r espreaitayldd B peplsd. TREBRT: Lediunf au BaTishury (461 g,
3. 37 mmul5) aidorbatngrabhyp (40F% theBQ% EBAAC imlhexandX) tovaftdr) cameourdizi@. The reacti on

m xture is stirred at 80C overni ght, cooled to RT, poured over water and
extracted with EtOAc (2 x 100 nL). The conbi ned organi c phases are

Step 2b:
Compound 78a2 is transformed to compound 4020 using the procedure described in
Steps 2 and 3, Example 37A.

20
EXAMPLE 79A
Preparation of compound 4014 and 4015
CO,Me
a{om y
Step 1 \C[ OMe
OMe = .
{OMe
75a2 " 79a1
Step 2 ’
CF,
ﬁo CO,H COH
\_§ \E:[ OMe
_N, N{ + N g @ OMe
EN’N O/KO OMe N ‘<:0Me
4015 4014
25
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washed with brine (2 x 100 m.), dried over MgSH, filtered and concentrated
under reduced pressure. The crude aniline 70b4 is used directly in the
next st epw0200987e@7 The crude aniline 70b4 (550 ng, 1. l2cwEraA2posim®2wissol ved
in MOH (1 m-) and 2 M HCl in ether (1 m-) is added. The m xture is
stirred at RT for about 1 h and concentrated under reduced pressure. The
resulting residue is dissolved in MeOH 35 (10 mM-) and a MeCH (3 i -)

sol ution of 2ABB\droxyacetone (649 ny, 7.21 mml) is 150 WO 2009/ 076747

PCT/ CA2008/ 0@&%? und%aﬁcﬂs trém@orm% cBMpSnd 29 Usthgtthé bfRdddre d_Ecrisdl .@bout 1
h and a MeOH sol ution m.) sodi um cyanobor ohydri de (266 ng, 4.2

mml) is ado@éNTﬁéam@a@Vpon mxture is stirred at RT for about 1 h,

di luted with aqueous saturated sodium bicarbonate (50 nL), concentrated
under reduced pressure to a mnimal volume and 5 extracted with Et CAc (2 X
50 m.). Phe 2aBi ned organi c phases are washed with aqueous saturated

sodi um bi car@anglhd et i9faflmedts BmbathdXdota dntisd 18\ HESBR, LT | t er ed

and concentrated reduce pressur cru e resi e is purifred by
col um chr omm%hﬁtQﬁm%mﬁmx to 100% Et OAc) to afford 70b5. 10
Step 6: A DVF suspension (2 mL) of sodium hydride (95% 44 ng, 1.74 mmol)
is added to a OC DWVF solution of conmpound 70b5 (440 ng, 0.791 mmvol) and
i odoet hane EX2XMPLEIBOA3. 95 mmol ). The reaction mxture is stirred at 0C for

about 1 h a i um drj is then added (95% 44 ng, 1.74 mmol in
2 nL of 4%I\/F;‘Sire'?ﬁ'éa Pé‘a%ﬁ%'}fmfé'dmo%?ure is stirred at 0C for about 1 h,
diluted with aqueous saturated ammonium chloride (50 nmL) and extracted
with EtOAc (2 x 50 nf). The combi ned organic pﬁ“ases are washed with

aqueous saturated s fn bifearben@¥ (2 x 50 B C°{”50 m.), dried
over Na2SO4, filteredyand co @ #Veu e s %"‘e The crude

70b6 is used directly in thé next s By t out urfher ation. 20
Step 7: DVAP (1.6 ny, 0.014 z@j)%sadedtoaDCE )Jso ution of
aniline 70b6 (40 ngy, 0.068 ), @cid chloride la 4,40, 0.27 mol) and
pyridine (32 L, 0.41 nm)I). The reéaction mxture is heated at 150C for

about 45 mn in a mcrowave.
Step 1:

Phenol 1a10 (16.8 mg, 0.041 mmol) is combined with K,CO; (16.9 mg, 0.122 mmol)
and 2-fluoro-3-trifluoromethylpyridine (39.0 mg, 0.24 mmol) in DMSO (1 mL). The

15  mixture is heated under Ar at 75°C until complete conversion, then cooled to RT.
Water and DCM are added, the mixture is extracted with DCM (3x) and the
combined organic fractions are concentrated under reduced pressure. The crude
residue is dissolved in a THF (1 mL)/MeOH (0.5 mL)/H,O (0.5 mL) mixture and an
aqueous NaOH solution (10 N, 41 uL, 0.41 mmol) is added. The mixture is stirred

20  overnight before being acidified with AcOH, filtered, and injected onto a preparative
HPLC to isolate compound 1053.

EXAMPLE 81A

Preparation of compound 1171
25
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25 The reaction mxture is cooled to RT and then pyridine (32 L, 0.41 nmol)
and acid chloride 1a8 (44 ng, 0.27 mmol) are added. The reaction m xture

i s resubmvotea/t76747m cr owave conditions (45 mn at 150CpCTaMb@DL®T7 RT,
diluted with aqueous 1 N HC (10 nL) and extracted with EtOAc (2 x 50 nL).
The conbi ned organi c phases are washed with aqueous 1 N HCO (50 nli),
satur ated aqueous sodi um b| carbonate (2 x 30 50 nmL), brine (50 nm.), dried
over Na2SO4, filtered an 3concentg%ed under reduced pressure The crude

reside is purified omat o apghy1 (20% e omi o0 100% Et CAc)
' P ' o a cws added to an
m.) 151 WD _20Q9 747 Pé‘f’/ CA2 0870 N§O| ution of

to afford 70b7. St

Et CAc/ MeCH (2: 1,

t he benzyl ester 70b7 (Xk&1nyg, 017 nmmol ). The redttio Xt ure is
evacuated and filled back w-th-fhydrogen at atnospheric< pfessure. The
reaction mxture is stirred at RT for about 15 mn, f'Itered over
Celite(r), washed with Et OAc and concentrated under wed pressure. The
crude residue is purified byCFS preparative HPLC to @Fff rd 2003. EXAVPLE

71A Preparation of conpound 40062 HBNQOOVE N_CQve Q €Q 2HctMe CI ~ N/ N
W -C ~ N Ow 2a5 40027%@7@ ot smamg:arb atle n( ng @ 854 mmol )
is added to a DVSO sol (it (5 f o PtEnol " 92as (160 )l Q.407 mmol) and
chl oroi soqui noline (73 ng, O. 47@ The reaction n@f&@e is stirred at
150C for about 10 min, codfaéd 0 and filtered. ¥ 15 the result| ng
solution is added aqueous 2.5 N NaOH (0.3 nL, 0.750 mml ). The reaction

mxture is stirred at RT for éttfdut 3 h, aC|d|f|ed with glacial AcOH (2 nml-)
and purified by preparat |C\73e HPLC to af f or d conmpound 4002. EXAVPLE 72A

OMe

1171

Step 1:
Potassium carbonate (67 mg, 0.488 mmol) is added to a DMF solution (2 mL) of the

5 acid 53a1 (150 mg) and benzyl bromide (35 pL, 0.293 mmol). The reaction mixture is
stirred at 80°C overnight, cooled to RT, poured over water and extracted with EtOAc
(3 x 50 mL). The combined organic phases are washed successively with saturated
aqueous sodium bicarbonate (2 x 50 mL), brine (2 x 50 mL), dried over Na,SO.,
filtered and concentrated under reduced pressure. The crude residue is purified by

10 column chromatography (20 % EtOAc in hexanes) to afford compound 81a1.

Step 2:
Sodium hydride (13 mg, 0.511 mmol) is added to a 0°C DMF (12 mL) solution of

ester 81a1 (120 mg, 0.170 mmol) followed by iodomethane (42 L, 0.681 mmol).

15  The reaction mixture is stirred at RT for about 2 h, diluted with saturated aqueous
sodium bicarbonate (50 mL) and extracted with EtOAc (2 x 50 mL). The combined
organic phases are washed successively with saturated aqueous sodium
bicarbonate (2 x 50 mL), brine (2 x 50 mL), dried over Na,SO,, filtered and
concentrated under reduced pressure. The crude residue is dissolved in 80% EtOAc

20  in hexanes and passed through a silica plug. The resuiting organic phase is

concentrated under reduced pressure to obtain a residue which is redissolved in
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20 Preparation of conpound 4003 HO COOMe S Owve Ca- CI NOw OO 2a5 4003
Cesi um carbonate (208 ng, 0.640 mmol) is added to a DVMSO solution (5 m-)
of 25 phwoabos2ab74¢120 ngy, 0.305 mmol) and chl or oqui nol iPn&/qA2008/092100. 305
mmol ). The reaction mxture is stirred at 150C for about 10 min, cooled to
RT and filtered. To the resulting solution is added aqueous 2.5 N NaCH
(0.3 m, 0.750 nmmol ). The reaction mxture is stirred at RT for about 3 h,
aci di fi ed wi EQH(25amk) The action fiask is gvacusied\andiitied badkewitvhyeewen 008/ 002107

purified by RrRRBREH ﬁfsséd'?ér@hteqn&#ufé)ufs%tlﬁé’&@ﬂk'ﬁ?’or‘é%\g 4 #X@B@g&h@@

Preparation of conpound I N-cC
Ove ~ Ove (-9lie®@owashes \@G@Btoﬁ apd cumpoentraige undrrrfeduae@crfseweq)topﬁo@pper (1)

chloride (13, es‘i)azl@hl Sﬁ’ﬁgﬂ?gt%@%% solution (3 nL) of phenol 10

2a5 (100 ny, 25 ol mrol ), cesium carbonate (166
mg, O0.508 rrrml) and 2, 2 6 6-tetranet hyl hept ane- 3, 5-dione (5 p.L, 0.025
nmmol ). The ?c3t|on m'xture is evacuated and filled with nitrogen. The
cycle is rep 5 times then the reaction mxture is stirred at 120C for

about 2 h, clsobuy chwré@rmate (34 gld Ovidd timol) is added to a 0°C THF (2 mL) solution of

acid 81a2 (100 mg, 0.156 mmol) and triethylamine (39 pL, 0.28 mmol). The reaction
mixture is stirred at 0°C for about 30 min and filtered directly over a water (0.2 mL)

10 suspension of sodium borohydride (18 mg, 0.467 mmol). The reaction mixture is
stirred at 0°C for about 20 min, diluted with saturated aqueous sodium bicarbonate
(50 mL) and extracted with EtOAc (2 x 50 mL). The combined organic phases are
washed successively with saturated aqueous sodium bicarbonate (2 x 50 mL), brine
(2 x 50 mL), dried over Na,SO,, filtered and concentrated under reduced pressure to

15  afford crude 81a3.

Step 4:
Aqueous 5 M NaOH (1.0 mL, 5.0 mmol) is added dropwise to a 0°C DMSO solution

(2 mL) of ester 81a3 (20 mg, 0.032 mmol). The solution is stirred at RT for about 2 h,
20  acidified with AcOH (1 mL) and purified by preparative HPLC to afford compound
1171.

EXAMPLE 82
Inhibition of NS5B RNA dependent RNA polymerase activity

25  Representative compounds of the invention are tested for inhibitory activity against
the hepatitis C virus RNA dependent polymerase (NS5B), according to the assay
described in WO 2007/087717, herein incorporated by reference.

EXAMPLE 83

30  SPECIFICITY OF NS5B RNA DEPENDENT RNA POLYMERASE INHIBITION
Representative compounds of the invention are tested for inhibitory activity against
polio virus RNA dependent RNA polymerase and calf thymus DNA dependent RNA
polymerase Il as described in McKercher et al., (2004) Nucleic Acids Res. 32: 422-
431, herein incorporated by reference.
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saturated aqueous sodi um bi carbonate and extracted with EtOAc (50 ni). The
15 organi ¢ phase is washed with aqueous saturated sodi um bi carbonate (2 x
50 L), Woio@/76Q7mL), dried over Na2SO4, filtered andrconoenisiated under
reduced pressure. The crude reside is purified by colum chronat ography

(20% Et OAc/ hex to 60% EtQOAc) to afford 73al. 20 Step 2: Aqueous 5 M NaCH
(0.265 n, 1.32 nmml) is added dropwi se to a 0OC THF/ DMSO solution (1:1, 2
nm) of ester 73al (46 ngy, 0.089 mmol). The solution is stirred at 40C for
about 2 h, aEkamfue# with AcOH (1 nl) and purified by preparative HPLC to

4006, 25 153 WD 20 7 PCT/ CA2008/ 002107 EXAMPLE 74A
g]; Iag;(rjaf ?2‘3"%9@8%5@%%%1%epﬁﬂer:%%?gﬂéeeﬁe- a‘/tﬁho?éi?sﬂy 0 COOVe OMe F\ Step
1 i N F N Cl Repeséhetivesctnibothad ofthk ifveatorare kdstédfor BctVitp ab ir@%rs%éeg il%

| ~ NN\ I NI f O . FNC NFNOW --C Ok
nn " &t ap 1TeRests Lt AMrebiCatinn 81 fells xhiessing 86tahie SPISATHAMGY i n DVE (2
m -) are ;ddespliCort UbiNg tHeydssial ybewipey irtn® 20032028501 1nhSin RBBorated by (6. 3 NU,
0.033 ol ), Et3N (0.230 ni, 1.65 mmol) and Pd(PPh3)4 (38 ng, 0.033 mol)
at RT. This W'¥Plt%e is stirred at

TABLES OF COMPOUNDS

The following tables list compounds representative of the invention. Representative
10 compounds listed in Tables 1 and 4 below are tested in the assay of Example 82

and are found to have ICs, value below 30 uM. Representative compounds listed in

Tables 1 and 4 below are tested in the assay of Example 84 and are found to have a

ECso values below 30 uM.

15 Retention times (i) for each compound are measured using the standard analytical
HPLC conditions described in the Examples. As is well known to one skilled in the
art, retention time values are sensitive to the specific measurement conditions.
Therefore, even if identical conditions of solvent, flow rate, linear gradient, and the
like are used, the retention time values may vary when measured, for example, on

20 different HPLC instruments. Even when measured on the same instrument, the
values may vary when measured, for example, using different individual HPLC
columns, or, when measured on the same instrument and the same individual
column, the values may vary, for example, between individual measurements taken
on different occasions. The synthetic method used to generate each compound in

25 Tables 1to 4 is identified in the table. A person skilled in the art will recognize that
obvious modifications to the synthetic methods may be required to generate each of
the specific compounds listed in Tables 1 to 4.
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120C in the mcrowave for 10 mn. TBAF (1.65 nm, 1 Msolution in THF) is
added at RT and the reaction mxture is stirred for about 30 mn. A
sat ur at edwequ@aas743ol uti on of NHACI is added and the nPKTUIA200880200 r act ed
with Et20 (3x). The organic |ayers are 10 conbined, washed with brine,
dried over anhydrous Na2SO4, filtered and concentrated. The crude residue
is then purified by flash chromatography using (20:80 to 60:40) Et OAc/ Hex
to afford c?r%)l%gnd 74al. Step 2: 15 To a solution of al kyne 74al (123 ngy,
0.21 mol) 'A”%eter (1 n-) is added azide 44a2 (97 ny, 0.62 mvl) at RT.
This mxture is stirred at 120C focrabout 3 h, then at 85C for about 16 h.
The reaction mxture is extracted th oEt 20 (3)900 The organic |ayers are
conbi ned, washed with brine, dri P ous 2SM4, filtered under
vacuum and concentrated. The crude resid purisfi ed by flash

chr omat ogr aphy 20 using (20: 8t 0 .5 CIN¥ex to afford conmpound 74a2.
Step 3. 154 WD 2009/ 076747 PCT/ CA2008/ 002107 a solution of ester 74a2
in MOH (1 nL) is added an aqueous NaCH sol utg g5 N, 0.024 ni, 0.12
mol) at RT,. The mixture js stirred for about 5 h before being acidified
with 1 Mpdd and ¥ ractedpt th Et OAR5(4x). The c i ned|f tacti MAs

dried M.dpu\, Acent rRﬂ* ed- TheRMr Bsi due_fs(_r_e)dl ssolved in Mp@piny p(MHHY Z“?{%og
(trimethylsjlyl)di azonet hane (0. 120 2 Msol uti on in Et20)]is added at
0oC. The1 ({1eacti on i xture 'Ii S5t rregfflor abOLt 2 0C| then

concenf ri¥ed. The Mesi dué re- dissol ved ir IHE 1 m)%% M (1 )
m xt ur @ and| an aqueous NaOH sol uti qn (5 N (.024 & .12 mpl ) i§ added
at RT. (Thefxture—+ssti for—abeut—3 then—concehtratied. THe

I UT AN
residue is re-dissolved i

3] MeO—I(l ) / A¢OH (1 nmL) mixturle 10 and
purifiedydy| prepanative The fractions are>sonbj ned nt
renoved O%y | yophilizatio o| af f oxe” pure conpoun 175. @AWPE% 27E>A 6A
Pr epar ati on| of conpound 4 15 HQ / COOVe Br O CO z'°Ne

1003 H H o \O 78 | 597.2 B6A
y “CcH

||, OO T o

BT ¥

SERER:

1004 H H E \O 7.8 | 597.2 BA
\\\\ ""/CH

,"" N
1005 H H Eo B 75 | 656 6A
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Ok Step 1 S/ O Br O 0 O O O _ ° 2ab5 75al i Step 2 F3C F3C O
C02H 0 C2Me O COZMe F F $111Ove Step3 \ S NC+ + JIITtIICOM tN Ove 0
Ove O Ovewo40dd7¢Ha3 75a2 Step 1: Cesium carbonate (2. 48Cy/CAZo@ADormwnl ) is
added to a DMSO solution (10 nL) of the 20 phenol 2a5 (1.78 g, 6.61 nmol)
and 4, 5-di brono-t hi ophene- 2- car bal dehyde (35 nL, 5.08 muol). The reaction
mxture is stirred at 80C for about 16 h, cooled to RT, poured over water
and extracted with Et20 (3 x 50 m).  The conhined organic phases are

concent ropded under®r educed Rr essure. R¥he crude resgdue i§ fur|f M8d |oy.uoq
d

col umm -ehroepatography—{39%t-01-709 xanes) to af {miny| Mhkhqun
75al. |25 165 WD 2009/ 076747 PCT/ 08/ 002107 St ep 2: $odi um
trifluproacetate (383 ng,| 2.82 is added to a NWP solutipn (2 |m-) of
t he brom de| 75al1 (410 nyg,| 0. 7p4 ) and copper i qdi de 268 ng, 1./41

mol ) . | 10dse| r eact ippn m xtjurpe | s stivred at 160C | j T{]g)waggs{cr a0
mn, then at 180C 5 for another 10 n and cool edit o RT e reactijon

m xture was| poured over water| and extratted|with EtOA® (3 x B0 nl). The
conbi ned orjgani ¢ phases are washed h brine (2 x 50 mt), dried aver

Na2SO4| filtered and condentrated undér reduced pressure. The crude
residuge is jpurifie y cal um| chr omat ogr aphy | (40% to 70% Et QAc in|hexangs)
to affprd corrpoun 75a2 gnd cpnpound 75a3. 10 8te . Coppound 75a3 is

t r ansf plofZd tok/ ound 4016 usi n‘gth&/ﬁroce(iure St eps 83 | 562.4 7A

1008 N’N\ F N SN 6.5 | 580.4 8A

6.3 | 616.3 9A

\O 6.8 616.3 9A
“ICH

1010 N—N H

/ \\\\
1009 /,7,,N H O/
N / \o\\“‘

1011 H H 7.8 | 571.2 6A

7.8 | 571.2 BA
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and 3, Exanple 37A. 15 EXAMPLE 76A Preparation of conpound 4017 O 1 COzZme O
CO2H SITiltllI10Me Step 1 FF\ g, ~ O N NOOW tN O OW 75a3 4017 20
Step 1. Geopowde7a3a3 is transfornmed to conpound 4017 uCmEAzbes/oo2®Cedur e
described in Step 3, Exanple 75A. EXAMPLE 77A 25 Preparation of conpound
4018 Br Br O C02Me OCOZH OV / Owe Step 1L F NN O FtN S O O ~We

C", O 75a2 4018 156 WD 2009/ 076747 PCT/ CA2008/ 002107 Step 1: Conpound
75a2 | s—t ra":sf ornmad to—co .,,Ound 4018 IJQI I"Ig t he pr ocedure descri bed | n St ep

T \CABNEE A~

3, Exanm@m V5A. S5REXAVPLE FBA| Prepar & on of |conpoghds 4019r and M8020y.4Bk |O

i +
COZMe O-EOZMe——S—EMe—S-Ove—N{—St-ep—t+-a—N (min) | (W+H)

1013 H H 8.0 | 605.2 6A

1014 H H j

6.9 | 4952 10A

1015 H H 75 | 5572 | BA
‘CH,
1016 H H 75 | 5572 | 6A
‘CH,
\O
1017 H )\ S
H N 73 | 5002 | 6A
‘CH,
1018 H H | - O 74 | 5232 | BA

7.5 | 573.2 B6A

1019 H H O\@\
O/\/‘x

1020 H H @ 5
O/\/\

1021 H H | so~ose

76 | 543.2 6A

74 | 509.2 6A

1022 H H 72 | 509.2 6A
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O O O W 75a2 78al Step 1 b Step 2a O,CzMe O CO2H\ S Ow F F P\-S
a,-' Ove ONOw ~N N~OW 78a2 4019 Step 2b 0 CO2H F\ S ~O Ft NN ~
Ove 0 4MM0Qim78t4ep 1 a: Pd(PPh3)4 (1.35 ng, 0.005 mmolPLTamdosadiem
carbonate (2 Msolution in water, 0.375 nL, 0.750 mmol) are added to a DWF
solution (1 nL) of the bromde 75a2 (150 ng, 0.258 mmol) and

trimethyl boroxine (97 ng, 0.773 nmml ). The reaction mxture is stirred at

120C in_the microwave faor 20 min, cooled ta RT, poured over 15 water
extradtggh Wi th Eg20 (3 x| 5@ L). Thexsconbined or gppi c phades |aM | vashad
wth brinel (2 x 50 ), dried over Na2SO4,—filtered and| er
reduced pressure. The crude residue is purjfl ed_by.col unm chromat ogr aphyi
(40% t/ojp24.57 WO 209/ 076741 HECF//C:NZ(ﬁ}BTDOZm? 8tOAc 7y HLessaBeS) 60
af f or con’ﬁbound 78al. Step 2a: Conpound 78allis Z 'sgkpr med o conpound
4019 using-th desdribed—in—5-Steps 2-and-3  IExample 37A—Step 1
b: Pd(PPh3)4 (1.35 ng, 0/005|mml) and sodi uﬁ, nate (2 M{sol utjon in
wat er, 1oﬂ4$86 m., HO. 773 pmEl ) are~added t0 a D utignz(l |mMgk.20f BRe
brom de 75a2 10 (150 ny| 0.258 mmci) and cylc apyl.Qorloni ¢ faci d (66 ny,
0. 773 [l }—TFhe reactiohmxture—is—stirredat 120C At he—icrowavefar
20 mn, co¢led to RT, \ .
1025 H H | o~ \O 6.8 | 4952 | 6A
“CH
1026 H H |~ O~ \O 71 | 5092 | 6A
“/CH,
0
1027 H H Y N \O 73 | 5232 | 6A
""" CH,
| \
1028 H H ‘ \O 75 | 5572 | BA
“'CH,
o~
1029 H H \O 77 | 5572 | 6A
“ch,
g
1030 H H \O 7.4 | 5432 B6A
“'CH,
O/
1031 H H \O 7.4 | 543.2 B6A
‘CH,
O\
1032 H H @/ \O 7.5 | 543.2 6A
‘ "CH,
1033 H H \E \O 6.9 | 4952 BA
cl> “'CH,
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poured over water and extracted with Et20 (3 x 50 nL). The conbi ned organic
phases are washed with brine (2 x 50 nL), dried over Na2SO4, filtered and
concent r aveaoawmder47r educed pressure. The crude resi due PSTA2DISI0OLIDY
colum 15 chromat ography (40%to 80% Et OAc i n hexanes) to afford conpound
78a2. Step 2b: Conpound 78a2 is transfornmed to conpound 4020 using the
procedure described in Steps 2 and 3, Exanple 37A. 20 EXAVMPLE 79A

Prepar ation—of conpound 4014 and 4015 Br QO Me Br \ HC St ep \ SO

C ~ 0 HopdMe QIO @Ba2 7941RStep 2 1 REF3 OOZh CF3 @¢ S OVe tk W& ML dQidod | NN
S N CNN-6—N-Ove—4015-4014—25 158 WO 2009/ 076747 PCT/ CcA2(mB) 0Dz Step

1: Conpound 75a2 is transfornedgij;ifnpound 79al using the priocedurie

descriped in Step 1, Exanple| 5 S Step 2: |Conpound 79al is| trangformed

to COWp%§QQS 4014 and 4015 usjn oprocedur e’ ribed in Step 1,
Exanpl £'%#0. EXAMPLE 80A | H ] 79 | 6113 | 6A
“'CH

3

1035 H H 79 | 6113 6A

|
1036 H H °\©\/ \O
1037 H H O/\L \O 7.7 | 5712 | BA
]

71 | 573.2 BA

1038 H H 7.3 | 557.2 6A

—0

1039 H H ‘ \O 73 | 5572 | 6A
"o
/”,," N ,,’/ N\
1040 H H | 53 | 5081 | 10A

'l",, \\‘ ",'/ N
1041 H H J/ | 53 | 5541 | 10A
=
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10 Preparation of conpound 1053 CF3 CF F HO COOMe O COzH + IT ///]~~~~Owve
a~NNFNStep 1 F NOB O O O 1al0 1053 Step 1: Phenol 1al0 (16.8 ng,
0. 041 mmowd 20®/006Tii ned with K2CO3 (16.9 ny, 0.122 mmol PCTAN008/002107

2-fluoro-3-trifluoronethylpyridine (39.0 ng, 0.24 mmol) in DVBO (1 niL). The
15 m xture is heated under Ar at 75C until conplete conversion, then cool ed
to RT. Water and DCM are added, the mxture is extracted with DCM (3x) and
the conbined organic fractigns are concentrated under reduced pressure.
The crludgd |resi dR®is di$srtved in aRTHE (1 hL)/ MgOH (0.5 'm,)/ﬁ’iz)) @etoan] - )

+
1 t and an Antinnnie BaYl lenl 1141 An 10 N i W I N A1 w(m'\ (I 1 Vo oad— Th
m X ur A>3 u.ll\.w TATT u.unUUT INCACA T Uract 1ruri tJ—U TN, 1l L, J. L IRRARYA] 7 L) auuca. e
m xturje Is

stirred 20 overnight betore bei nglacidified with AcOH, filtergd,

and idj ect q~d onto a preparatilve HPLC o iso|atke caqnpound 1033. EXAMPLE B1A
Pr epar ata'49rr of coHpoundNilFll 25 159 2009 OPCT/ CA2008443021071A CF3
p I

COOwve |CF3 H!'"1 N F OOVE_O pMe-~N, Gve Bri0 F Ny - COVe
5381 (0 8181 p Step 2 CF8 CF3 O CO2Me [0 CoO2Me HO F | 3N--O\/I?Sft ep3 HON F
N- L= N=&N

Vo N B AN
1043 N—N H J/ B 53 | 5911 | 12A

1044 N—N H J/ 59 | 576.3 13A
|\ o
QN “CH,

1045 N H \O 59 | 6282 | 19A
E Q “icH
N ,
1046 E . H J/ 64 | 590.3 | 14
\N/ ‘\—: ) \O“Il 90 A
H ‘CH

1047 N"N\ F \O 75 616.2 15A
“ICH

Vo K AN

1048 7""\ F | 66 | 609.1 | 15A
N i Z o

1049 H F /,/ \O 76 | 5132 | 15A
o]
CH

1050 6.6 | 513.2 15A

I
|
\—/Z
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pMe OV O 8183 81 a2 Step 4 CF3 O, C2HNOWwW HOF NC OW O 1171 Step
1: Potassium carbonate (67 ng, 0.488 mmol)
m.) of two 2boszios™753al (150 ng) and benzyl

The reaction mxture is
over water and extracted with Et OAc
phases are washed successively with saturated

stirred at 80C overni ght,
(3 x 50 ).

is added to a DMF solution (2

brom de (35ppirjcA2088219M0I ) .

cooled to RT, poured
The conbi ned organic
aqueous sodi um bi car bonat e

(2 x 50—+t brine{2x50nm)—dried over Na2SO4,_ filtered and
concent rerded undeR®Y educel Rir essure. RPhe crude resRélue ig gurif Msd bye.Q
col umm [chromatography (20 %E-GAc—+n hc,\u..w) to—afford gdBpbuHiHR1a]
Step 2] Sod|um hydrrdd (1 i added to a OC (12 m)
sol uti oRg esj-enN 8lal ( ZIQ fo o by |odomt hane (42 L,
0. 681 mmo we react i red r6abp&843 |h,16A
diluted with satyfated aq nat e QmL) and| extrgct ed
W t h EfGAC (2 x50 t)——Th e—phases—are lwashed
successi vel y L\;nz’th saturat an hi cqrbapate (2 x 50 nL)|, brine
(2 x 501082 | &d dyer, cr at e=d65nd%g8_§edq%§d
pressufre. The N ude :d ed in §0% E C%O i n hpxanes an
passedrthredgh—a—siH-ca The resulting grganic DhaS > S | concentrated
under reduced pressure to obt i n a>pesi due “which is redi$solved in| 160 WO
2009/ 0Y6747 PCT/ CA2008/ 002107 EtOH|{(25. mL). |Thg reaction flask is
evacuat egb3and fil lied back wtth hydrogen ‘at atnoypheric )rﬁisu% ‘I'he17
mxture is stirred at RT [for pbout 4 filtered ough I gz('?), {Rshed
with Ef OH and concentrat gd under reduce‘P pressure to &M'ford
N o
1054 | (< N\ K[ \O 66 | 660.3 | 16A
' o}
|
F N/_
1055 O/ \O 686.3 | 16A
F o “CH,
1056 r}l { ) D\ 59 | 670.1 | 15A
VN l F Br
1 \O
N |
1057 7 \ \O 75 | 6243 | 16A
VN 0 H,
|
[ \O
F N :
1058 \O 6.1 676.3 16A
F o
|
1059 <—> . 47 | 5943 | 18A
o |
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crude 8la2 which is used directly in the next step. 5 Step 3:

chloroformate (30 L, 0.23 mmol)

| sob

utyl

is added to a OC THE (2 m -) sol ution of

acid 81la2aw(020®/a1g7470. 156 nmol ) and triethyl am ne (39 L, POTZ3\2008002107 The

reacti on

nmol ) .
with

The reaction m xture is
atur

m xture is stirred at OC for about 30 mn and filtered directly
over a water (0.2 nml-) 10 suspension of sodi um borohydride (18 ng,

N hi carbhonate

stirred at 0OC for

about 20 m n,
(Eﬂn:i Lnnﬂg\('r

di
r‘J_prI

0. 467

| ut ed
M-t h

Et OAc

(€px

50 nL)R® The ¢
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49

600.3

20A
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6.2

592.2

20A

1065

6.8

625.3

20A

1066

7.1

632.3

20A

1067

7.3

606.3

19A
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5.4

642.3

16A
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Represent ati ve conpounds of the invention are tested for activity as

i nhi bitors of
st abl e suwgen@m7674ACV 5 replicon,
2005/ 028501, herein incorporated by

r ef er ence.

hepatitis C virus RNA replication in cells expressing a
usi ng the assay descr iPhedA2008W02107
TABLES OF COMPOUNDS The

follow ng tables |ist conpounds representative of the invention.

Representati ve

10 conpounds listed in Tables 1 and 4 below are tested in

the assay of Exanple 82 and are found to have |1 C50 value below 30 pM_
Represeop@tlve cqfpounds || REtled in Rables 1| and fKsbel ow alre |t ﬂg;ejwkmmﬁhe
assay (pt—Bxtanpte84—and—arefoundto-have—aECS0 vatues S MEY oy 15
Ret entfi on tji nes (t ior |each conpeungd. are mpasured using the standard
anal ytli cal | HP ondfti?ns described in the apphes. As i s lwell known to
one ski1%&d in/the\ art, |rEtention tine val ues afe sensi tidve |t 2he 19A
speci fli ¢ nﬁasu ement conditidns. Jherefore, | even “celent i cgl congition%
of sollvent | fl&vrate, linearl gradient, and e like are used, the
retentj on ti varly when neasured| for exanple, orn 20 different
HPLC instrJ len neasur edron t he fa R trunment, (the val ues
Ty v oH dxanple,) using d| ffe @ i ndj viiedUasssaPL C20A
col ums, »d on the Eane i nstryumnmen deoh he sarre indtvidua
col umm, thé ry, (for anpl e, befween indivildual {measutenent
t aken |on dﬂfferent occasiions.| The synthetic nethod used to gegnerate each
conpound i 25 Tables | [to 4 is ideptified t{hentabl e A Qerson skill ed
in the a7t MAIN cogni z¢ ¥hat obvijus nndlflcaQ|dh to tshge | sgaatihet ian
met hods may A{$> ired to ggnerat@ each of |the fic conpounds | i sted
in Tabl es 1 162 WD| 2009/ 076747 PCT/CA2008/00210f Table 1 CFB 0 COOH
11 R20NF23/,\}\IRORS pd R20 R3,,R5R6tR Mt (min) (MrH) WMethod
=\ o A
N .
072 | s NN | F ) \O 6.5 | 6083 | 21A
. ‘ “CH,
1073 — F /O ‘ \O 6.1 | 6443 | 20A
e o “ch,
1074 S‘g‘ F /O \O 75 | 650.3 | 20A
& NP RN
0 CH,
N
1075 S’( F /O \O 78 | 6503 | 20A
K/N h
NS 0 CH,
~
N e .
Ei‘\ -\ ;
N . ,
076 | M\ | H K( \O 64 | 6203 | 16A
' 0 ‘CH,
|
/__: ,Il’n, K l,’/l
1077 N—N H 56 | 6521 | 14A
k/N i
VY ] F Br

171



N 1001 HH 5.8 540 6A 0O Br
597.2 6A CH3 1004 HH 7.8 597.2 6A O a>"CH3 N 1005 HH 7.5 656 6A Br

163 WO 20W6/20067¢747 PCT/ CA2008/ 002107 Cpd R20 R3 RS R6 PRTNRA2(08/00210¢ M+H) +

Met hod N 1006 H H |

7.5 656.1 6A 0 Br

616.3 9A N OCH 3 1011 HH 7.8 571.2 6A

1002 HH 6.7 481.2 6A 0 CH3 1003 HH O 7.8

1007 N N 6.3 562.4 7A N CH3 1008
N N6.5580.4 8A CH3 1009 N-NH®6.3 616.3 9A NJ \~ CH 3 1010 N- H 6.8

Cpd R2 R3 5 6 tr MS
R R (min) | (M+H)* Method
! o
F o
1078 H \O 58 | 6583 | 16A
F 0 “CH,
l
: o
N/—:
1079 \/ H \O 51 | 6243 | 16A
o (‘) ,I/ICHa
/\ \O
o) N
1080 \_/ N\__:| K[ \O 49 | 6564 | 16A
(o] U//CHs
|
\O
1081 F _\_é F KE \O 52 | 6904 | 16A
F (0] ,II/CHs
|
\O
1082 H F K[ D 75 | 6192 | 22
[o) F Br
|
; ~
1083 WL H KE \O 54 | 6304 | 20A
(0] I/IICHs
|
: o
S )
1084 k{ H KE \O 71 | 6223 | 20A
\N O l///CHs
|
N/ E - N
N— : ‘ N
1085 N F o | 6.9 | 6232 | 15A
N g

172




.,, CH3\ /O1012 HH/ 0 7.8 571.2 6A CH3 164 WD 2009/ 076747

PCT/ CA2008/ 002107 Cpd R0 R3 RS R6 tR M5 (mn) (MtH)+ Method 1013 HH 8.0
605. 2 6A WO 2003674014 H H 6.9 495.2 10A CH3 1015 H H PCH/@&708A08WM7CH3 \ O

\ 1016 HH 7.5 557.2 6A CH3 o\ 1017 H7.3 509.2 6A CH3 1018 HH "-"-"
7.4 523.2 6A .,, CH3 1019 HHII 7.5 573.2 6A 3 1020 HH 7.6 543.2 6A CH3
1021 H 7.4 509.2 6A CH3 1022 HH 7.2 509.2 6A o0 CH3 165 WD 2009/ 076747
PCT/ CA26081p62167 20@0‘ R20—R3+R5—R6tRMNS

Cpd R R’ R® R® | MS
{min) | (M+H)"

1086 ’7 \ H 6.4 570.2 14A
VN

1087 N \ H 6.6 | 590.2 14A

/ 0 \©\
L | ¢
1088 &/\N H ] \Q 67 | 634.1 | 14A
2 I Br
DO

Method

—Q

—N
1089 N \ H 6.7 | 608.2 14A

1090 N—N H j@\ 65 | 5882 | 14A
F
1091 N H 6.8 | 6521 | 14A
L 7 )
F
N

(0]
\_, A
1092 \_: F K( | 6.6 | 584.1 | 23A
0 = Cl
I
N \O
E \N N
1003 | [/ _L F | 6.2 | 6532 | 23A
|
~

(6]
F N
1094 >Q H D\ 57 | 7362 | 24A
F (,) F Br
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(m n)

(MtH) + Met hod
1025 HH 6.8 495.2 6A CHa 1026 7.1 509.2 6A
CH3 1028wH 2bD9M07674557. 2 6A CH3 O 1029 H H 7.7 557.2 G6APCTHA200B08010H H 7. 4
543.2 6A CH3 0O 1031 HH 7.4 543.2 6A CH3 O 1032 HH 7.5 543.2 6A
CH3 1 1033 HH 6.9 495.2 6A CH3 166 WD 2009/ 076747 PCT/ CA2008/ 002107 Cpd

RYO R3 R5 R6 tR M5 (mn) (MH) Method 1034 HH 7.9 611.3 6A CH3

1023 HH 7.7 537.3 6A CH3 1024 H 7.0 495.2 6A CH3
.,, CH3 1027 7.3 523.2 6A

20 3 5 6 tr MS
Cpd R R R R (min) | (WeH)* Method
~
(@]
“
1095 H F 1 6.9 | 5582 | 22A
(’) = Cl
! o
F /o
1096 N H \©\ 55 | 6722 | 24A
F cl) Cl
Nf_ E -
1097 N— F : 76 | 6844 | 15A
o A5
y7, ’ F Br
N/—:' -
1098 N— H : i )
k/\N O \O 76 | 5903 | 10A
Y ‘ ‘CH,
\O
7\
1099 —7 \ F \O 53 | 660.3 | 25A
(]) ,’I’CHa
| ~ |
1100 ! F Hf \O 51 | 648.3 | 20A
(l) “CH,
! o ,
1101 Z’( F k[ \O 65 | 640.3 | 20A
N
N ? CH3
\O
7\
1102 — F \O 51 | 662.3 | 26A
(l) ""CHS
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1035 HH 7.9 611.3 6A CH3 0 1036 HH O / |
I / 7.7 571.2 6A 1CH3 1 1038 HH 7.3 557.2 6A CH3 1039 HH 7.3 557.2 6A
N 1041 H H 5. 2CPEz\200810024070 Br

0 CH3 N MOQok/dH6T471

5.3 508.1 10A O ci

7.1 573.2 6A

167 WO 2009/ 076747 PCT/ CA2008/ 002107 Cpd R20 R3 R5 R6 tR M5 (m n)

Method OHH 7.3 525.2 11A 1042 CHa N 1043 N -

\ CH3 1037 HH

( MtH) +
\ Hf 5.3 591.1 12A N cl

1044 N - Hf 5.9 576.3 13A F NH 5.9 628.2 19A
Cpd R2 R? RS 6 tr MS
R (min) | (M+H)’ Method
~
“/S ? N S
1103 N\/>_\‘: F K( \O 65 | 654.3 | 27A
! (o] I’IICHs
|
/ \ X
1104 —\ | F /O \O 57 | 6583 | 27A
] \ ey
0 ‘CH,
1105 1\>_\~ H J/ \O 65 | 633.3 | 28A
N\O ! (0] "'
: | “CH,
1106 ’( H /O \O 73 | 6323 | 20A
N o "o,
! o
N—N |
1107 N H D\ 69 | 684.1 | 20A
% c’> F Br
! o
N—N |
1108 ™ H D 68 | 6382 | 20A
V7 (lj F cl
! o
N—N |
1109 N H \©\ 67 | 6661 | 20A
2 (’3 Br
! o
N N/—: \“ ’/l'
1110 | N— ‘ '
Y F \©\ 7.0 | 6821 | 30A
Y Cl) Br
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1045 F O CHa N 1046 CiNHTf 6.4 590.3 14A N o CH
15A° N ',CH3 N 1048 N F f

CH3 N 1080 2pboR76747 6.6 513.2 15A cl
Cpd R2 R3 R5 R5 tR M8 Met hod

6.6 609.1 15A C

1047 N F 7.5 616. 2
1049 H F 7.6 513.2 15A 0
168 WO 2009/ 07672#CTRAENBRARDOS/ 002107
(min) (MH) 1051 N- \ F 6.5 634.3 16A N \O

CH 3 1052 CNiNF 6.5 648.3 16A OCH3 O 1053 HF 7.6 543.3 17A CH3

1054 CNN F 6.6 660.3 16A CH3

20 3 5 6 tr MS
Cpd R R R R (nin) | (M+H)* Method
| \O
E ‘\\\ l'}/l
1111 h/l~N\ F j@\ 72 | 7001 | 30A
VN (') F Br
! o
am
1112 7*"“\ F :@\ 72 | 6562 | 30A
L\éQN ? F cl
: o
1113 /::(‘ H KE D\ 67 | 6542 | 31A
NQQ/S ? F cl
1114 T\ H J/ \O 71 | 5343 | 32A
' (@] e,
l CH3
7\ N/— |
1115 N H 56 | 602.3 | 33A
—N Q ey
| .
VR X FS
1116 7——N\ F O/ t@ 72 | 7102 | 34A
L\épN o F Br
N e . \‘\ /‘
N s ’
117 X H f \O 75 | 560.3 | 32A
T “IeH,
= | L e A
1118 % H /( \O 76 | 560.3 | 32A
0 >
| CH,
: <
1 O
1119 N F ’ 58 | 6802 | 31A
N\ /
O' F Cl
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1055 FF N F 0 686.3 16A ~~, CH3 1056 N F C\ 5.9 670.1 15A NF/ Br O
1057 N FN7.5624.3 16A i "CH3 F 6.1 676.3 16A 1058 FF N I-CO CH3 1059
N H 18A wWoOI200174747 594.3 0 3 169 WO 2009/ 076747 PCT/ CAZOE203220i07 Cpd
R20 R3 R5 R6 tR M5 (mn) (MrH) + Method 1060 F N F O 644.3 19A F CHs , 000
O CHa 1061 f/NH 5.7 626.3 20A 1062 4.9 586.3 20A N CH3 1063 N H 4.9

600.3 20A 1 CH3 1064 S H 6.2 592.2 20A \" \ i CH3 N

Cpd R%* R3 R® RS tr MS
(min) | (M+H)"

! (o]
1120 /:( F k( D\ 70 | 6721 | 31A
NVS <I) F cl
1121 T\ H ‘
N\ / e
(o]
EN\ y
N h
1122
\N/ —\‘E F
' 0
!
N O
— N\ N
1123 EN/N—\_: F KE
(¢}
f

: “CH,
D\Br
F : Cl
: o
N .
B S
1124 \N/k H 52 | 665.4 49A
o “/CH,
|

\ij”"/CH3
\OWI'CH:',

Method

54 | 6404 | 40A

72 | 7142 62A

72 | 670.2 62A

54 | 6794 50A

0
S N\ \‘\‘
125 | )Qx H K(
o)
|

5.5 | 6934 50A

i o}
v | LR K(
0]
|

1127 53 | 6794 | 50A
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1065 H 6.8 625.3 20A N CH, 1066 S 7.1 632.3 20A
\ON OCH O 1068 N F 5.4 642.3 16A O 1-0 CH3 170 WO
2009/ 076 W3 2RERN7C€A2008/ 002107 Cpd R20 R3 R5 R6 tR M5 + bEtwiwdoos(oozny ( M-H)
1069 N F 5.3 612.3 19A C o CH,

7.3 606.3 19A

1070 C H 4.9 586.3 20A

~ CH,

N N 1071 N

\OCH N3 ONN 1067 H

- FCIl 5.5653.1 15A NBr 1072 CNiNF 6.5 608.3 21A CH3 1073 NF 6.1
644.3 20A CHa 1074 S F 7.5 650.3 20A CH3_ N 1075 S F 7.8 650.3 20A
Cpd R? R® R R® o | ety | Methos
~
) o
N R 3
1128 L /&{ H K[ \O 52 | 6654 | 49A
N s 0 “CH,
|
\O
1129 N{ H ) ’ 54 | 6794 | 49A
A Kf A QS
H (l) CH,
/ | R e
1130 N—N F \©\ 69 | 6522 | 15A
/ 0
N
v ] Br
/S v
1131 N—N F D\ 70 | 6262 | 15A
/ o
N
4\57 ' F ]
1 \O
. / : N I/’ N
1132 N F | 50 | 6913 | 51B
F Cl) = Gl
1133 H F O/ \O 67 | 5533 | 41A
~ >
(o] CHs
i o
1134 N F 47 | 6632 | 51C
\ / o | g
l
1 \o
! N
1135 S \ F l 6.0 | 6552 | 51C
Q _
AN 0 cl
N |
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NCH3 i O 1076 CN\~ H 6.4 620.3 16A OCH3 1077 N H1 5.6 652.1 14ANF
/ Br 171 WD 2009/ 076747 PCT/ CA2008/ 002107 Cpd RZ2 R3 R5 5 tR Mp R6 (mi n)
(MtH) ' Mawbadoy/ @078 F N H 5.8 658.3 16A F CH3 O 107PCHCA2008804103 16A
C~OCH3 O ONI1080 4.9 656.4 16A CH3 0O 1081 NF 5.2 690.4 16A F 1-0
CH3 O1082 HF I \ 7.5 619.2 22A OF Br O 1083 NH 5.4 630.4 20A CH3 O
1084 /S 1~1 7.1 622.3 20A

Method

A
]

20 3
Cpd R R (min) | (M+H)'

/

A A

EN\
N
1136 <\ —\, H 6.9 | 6982 | B63A

/

1137 \/N_\_. H

/

6.7 | 680.2 | 63A

EN\
N
1138 = 1: H

RG
BB
' D\ 68 | 6522 | 63A
F Cl

™~
1139 | O N— H \O 7.3 | 6103 | 42A
\ / [ .,(//CH
~
1140 ga 'l H \O 54 | 6734 | 42A
F . ’/"CHs
\
1141 /N@N—f H \O 55 | 677.3 | 42A
“eH,
. ~
i a
1142 N F 59 | 690.1 | 64A

Cl

/

et ae

1143

' \©\ 59 | 7341 | 64A

Br
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Ni CH3 N1085 N \ F O6.9 623
PCT/ CA2008/ 002107 Cpd R20 R3 RS
6.4 570. 2v04009/0M6HO87 N- H

15A ci 172 WD 2009/ 076747

tR Mb + Method (min) (MeH) 1086 N H f
f 1\ 6.6 590.2 14A N cl 1088/M2004/0024076. 7
634.1 14A 1089 N NH\ 6.7 608.2 14A/ NF/ cl 1090 N NHf 6.5 588.2
14A / / Ni F/ 1091 N NHf 6.8 652.1 14A Ni Br 1092 ~—~ F 1 N 6.6
584.1 23A 1~0 ci N 1093 CNN F 6.2 653.2 23A [-CO cl F 1094 N H 5.7 736.2
24A F-iF [ Br 173 WD 2009/ 076747 PCT/CA2008/002107

Cpd R% R?

R5
' o]
/.
1144 | F F
F o]
o —_—

.2
R6

6
.2
. 8

tr MSs
(min) | (M+H)"

00240
' D\ 60 | 7521 | 64A
F B

Method

1145 i F 77 | 628.3 | 42A

'
t

1146 | >

N
8
=

1147 )\):N\>“L F

56 | 7113 52A

’ \O 55 | 6554 | 42A
“1cH

S/\>_\' ’,"
1148 /\*\N | F \O 55 | 697.3 | 52A
“eH

149 | F \O 54 | 6973 | 52A
“cH,
N
1150 /m\ F \O 54 | 683.3 | 53A
“on
! 0 ,
s
1151 F 56 | 697.3 | 53A
A h@!
I




Cpd R20 R3 R5 R6 tR M5 (nin) (MrH) + Method O N 1-c¢ 1095 H F |
ci 0 1096 H 5.5 672.2 24A FF N 1~0 Cl

22A o
N F |

5.7 6

6.9 558.2

1097 N NF O 7.6 684.1 15A

Br w02809/07b%4H = 7.6 590.3 1 OA N "'CH 0 1099 _NPETKA20680210725A
1~-0 CH3 0 1100 NF 5.1 648.3 20A 0 CH3 0O 1101 SN F 6.5 640.3 20A CH3
1102 F 5.1 662.3 26A o

.,, CH3 174 WD 2009/ 076747 PCT/ CA2008/ 002107 Cpd R20
-NF

R3 R5 R6 tR M5 Method (min) (M#H) 1103 N' F 6.5 654.3 27A 1-0 1 CH3
8 3 27A 1104 0 _CH3
20 3 5 6 tr Mms
Cpd R R R R (min) | (M+H)* Method
s ~ |
1152 | ~_ /( F \O 54 | 683.3 | 53A
N S o,
/ (0] CH,
|
q 9 '
1153 /N—CN—s F K[ \O 58 | 6953 | 42A
(|) “roH,
~
(0]
Fo N P
1154 | F ‘ \O 83 | 6623 | 42A
: (0] ’l///CHa
l
F o .
1155 FbN_: F K[ \O 82 | 648.3 | 42A
: (0] ’l’I,CHa
|
\O '
1156 'I::><>N—E F k[ \O 81 | 6343 | 42A
T “CH,
\O ‘
1157 O//\/N—: F K[ \O 8.0 | 6303 | 42A
[e] /{CHs
|
>—\ A '
1158 | © N— F KE \O 8.4 | 656.4 | 42A
>—/ T ",
\O ‘
0
1159 ( N—; F \O 86 | 6283 | 42A
(]) ‘//'CHB




1105 H6.5 633.3 28A N OOCH3 1106 SH 7.3 632.3 20A 0 CH3 O 1107 N-\

H6.9 684.1 29A F Br 0 1108 N- N H |
-N H N 6wv020860747429A Br
2009/ 076747 PCT/ CA2008/ 002107 Cd R20 R3 RS R6 tR M5 p (m n)

O 1110 N-N 7.0 682.1 30A

\ 6.8 638.2 29A OF / C
\ %P OTErA20085)0Y¥07

O 1109 N
(MtH) + Met hod

O1111 N Fj 7.2 700.1 30A N1~0 FBr O 1112 N F\ 7.2 656.2 30A / / N
1-0 F A O 1113 H\ 6.7 654.2 31A
20 3 5 6 tr MS
Cpd R R R R (min) | (M+H)* Method
Y
1160 H H k( \O 8.3 | 577.3 | 43A
o “ch,
o
a2
1161 H H \O 87 | 581.3 | 43A
\)0 “ch,
Va
1162 | F N H O/ \O 6.1 | 668.3 | 65A
F \O “““ ",/ICHs
1163 F N H L O/ \O 6.3 | 682.3 | 66A
F o oH,
i Yo
1164 N AL O/ U 63 | 6943 | 67A
F o™ eH,
_N / .
N \\ 1'
165 | (| H O/ \O 66 | 6653 | 54A
% o reh,
[ \O
_N am .
N \ ;
166 | {_ / F K( U 6.7 | 6732 | 55A
Y
T ‘CH,
—
N—N
) ‘ ' 662.2
1167 VA%N F 82 | gy | 4B
(|) /CH3
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SI-COF C N 1114 H 7.1 534.3 32A CH3 N 1115 HHf 5.6 602.3 33A N i
CH3 1116 N F\ 7.2 710.2 34ANF / Br N 1117 H 7.5 560.3 32A O CH3 N-
1118 H 7.8036@/@6B2A CH3 O 5.8 680.2 31 A 1119 N F ~aci/qa2508L8510MD

2009/ 076747 PCT/ CA2008/ 002107 Cpd R2 R3 R5 Rs tR M Method (min) (M:H) O

1120 | \ 7.0 672.1 31A N\~ Si F/ cl 1121 N H 5.4 640.4 40A CH O N
1122 CiNF Nn 7.2 714.2 62A F Br O
20 3 5 6 tr MS
Cpd R R R R (min) | (M+H)' Method
_N N/ !
1168 (I) F O/ \O 67 | 6833 | 56A
o ‘CH,
: ~o |
1169 NN F K[ \O 6.4 | 6743 | 68B
(0] ‘,IIICH3
|
! o .
S
1170 N—N F \O 78 | 6382 | 45A
/k&N ? "WCH3
\O
HO
1171 }— F \O 75 | 6152 | 81A
(@] "I,/CHa
|
\O ’
O N ‘\ 1"
1172 X F k[ \O 84 | 6272 | 69A
(0] IIII/CHQ.
|
~
N . 0 ]
1173 | \=,/ F \O 8.0 | 664.2 | 69A
o CH,
l
AY \O .
(\N )
174 | N=y F \O 72 | 6642 | 69A
(0] "’I/CHa
I
N
(o]
\N
M7/ \{“ \ F \O 6.8 | 638.2 | 74A
W“ (') "I,/CHS
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N 1123 GNiN--- \\ : ~F\ 7.2 670.2 62A FC O N1 1, 1124 HN5.2
665.4 49A S CH, 01125 NI1-COH 5.4 679.4 50AHCH3 Ol /'H! HS5.5
693. 4 50AWD2@O/4R6 CH3 O 1127 ~N'N H 5.3 679.4 50A CHET/CLZT08MmR2107

2009/ 076747 PCT/ CA2008/ 002107 Cpd R20 R3 R5 Rs tR M5 (min) (MtH) + Met hod
0 1128 H5.2 665.4 49A Hi CH 0 1129 j~\ H 5.4 679.4 49A H S GHa 1130

N NF\ 6.9 652.2 15A N Br

tr Ms

(min) (M+H)+ Method

Cpd R?® R® R®

~=N \\‘\
1176 D,—(\ v | F
N/Nv\‘ ~
(0]

8.1 | 6743 | 44B

W

RG
1177 N/N\/ \ F O/ \O 7.7 | 648.2 45A
\o \\\\ 'I'//CH

79 | 662.2 | 45A

| | y
m o
\O \\\\
\O

7.3 | 529.2 B6A
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1131 NNF f \ 7.0626.2 15A NFC ON1132 FNF 5.0691.351 B FOGd
1133 HF 6.7 553.3 41A 011 CH, O N 1134 NF 4.7 663.2 51C cl N 1135 S F
6.0 655. 2WB20@/074M0 a N 178 WD 2009/ 076747 PCT/ CA2008/ 002 TAA2BBORD0 R3 R5
R6 tR M5 + Method (min) (MH) O N\ 1136 CiNH 6.9 698.2 63A NF Br O
N 1137 iNH 6.8 652.2 63A N1-0 FC N O\ 1138 - iNH 6.7 680.2 63A

TABLE 2
3a
CF, R
X 0 COOH
5
R X N/R
3b
R %‘,\ 6

Cpd| R® (R¥®|R®| X Method

(min) | (M+H)"

R5
N—-N/—_E
2001 Q\N H|F |N \O 76 | 594.3 | 35A
0O

N——N/——E o g //
2002 |y |F|H|N|_ \O 73 | 5943 | 36A

(o]
—
—N
2003 L\N Me | H |CH K[ \O 78 | 6192 | 708
(0]
|
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NOBr 01139 ON: H 7.3 610.3 42A 1-0 'CH3 0 ~N\ 1140 H 5.4 673.4 42A
i c"F3 QO1141 NCN-; H 5.5 677.3 42A CH3 O//---, 1142 FNF \ 5.9
690. 1 64AWORI®/T674® 1143 F N F \ 5.9 734.1 64A F O Br PLTEAMDSAOD0/ 076747
PCT/ CA2008/ 002107 C d R20 R3 R5 R6 tR Mb p Method (min) (MH) O 1144 F N
F1\ 6.0752.1 64A FFBr O 1145 ON-; F 7.7 628.3 42A 0 CH3 O N 1146
Nl F 5.5 655.4 42A

TABLE 3
CF,
0 COOH
5
R® st@i N~ R
(0]
“'CH,
Synthet
de R20 R3 tR MS ic

(min) | (MHH)" | o o

R5
! (o]
F a
3001 N H 5.2 657.4 37A
(o]
|
3002 [:(* | H

6.4 621.3 38A

3003 5.0 629.3 38A

6.3 616.3 38A

3004
<\ Va

=
|
P
I
/~<‘O /—<—O O
—0 i —Q Pl —O/_<—'-

] \O
3005 7—N\N H 64 | 6053 39A
7 (o]
|
\O
3006 N N/—E H K[
— 6.1 605.3 39A
/!
NJ (])




| 0 CH3 1147 F 5.6 711.3 52A 1~0 CH3 1148 5.5 697.3 52A H CH3 0 S 1149 N
F 5.4 697.3 52A CH3 ON 1150 5.4 683.3 53A H N S cH3 1151 F 5.6 697.3
53A H CHBO 2009186740 2009/ 076747 PCT/ CA2008/ 002107 Cpd PRE@ARB0SRE2186 t R MB
(nin) (MH)+ Method O 5.4 683.3 53A 1152 NS F 1~0 CH3 q ~O 1153 N--CIN F
5.8 695.3 42A CH F F 1154 F 8.3 662.3 42A O CHa F 1155 F F 8.2 648.3

42A

Synthet
Cpd R% R® R® tz MS |7
i (min) | (MH)' |
\O
Br .
3007 PN | F ‘ 6.9 | 7402 | 59A
_ H o
|
1 \O
F /o
3008 N F 55 675.4 578
(o]
|
1 \O
3009 N F 66 | 6233 | 57D
QN
(0]
l
) \O
3010 N F 63 | 6233 | 57D
N/
(e}
|
! o
3011 /':(' F k( 65 | 6393 | 58A
NP 0
=] T
3012 b S F K( 6.1 | 6673 | 58A
\( o
|
| <
3013 T\ F KE 55 | 6472 | 58A
N\ / .
|
! o
3014 N:(N_ F K( 65 | 6342 | 58A
<\ / ?
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t,, CH3 0O 1156 F;;,CN-; F 8.1 634.3 42A CH3 1157 N-; F 8.0 630.3 42A O
CH3 O 1158 O N-; F 8.4 656.4 42A O CH ON- 1159 ; F 8.6 628.3 42A O CH3
181 WO 20W6/2067¢747 PCT/ CA2008/ 002107 Cpd R20 R3 RS R 6PCRAWR0smozo7 ( M+H) +
Met hod CO 1160 HH o 8.3 577.3 43A CH3 HH 8.7 581.3 43A 1161 CH3 1162
FNHG6.1668.3 65AF\0O" "CHa 1163 F NH 6.3 682.3 66A F CH3 1164 F N H
6.3 694.3 67A F CH3 NN 1165 H 6.6 665.3 54A \Op CH3 N 1166 F 6.7

673. 2 55A
Synthet
Cpd R2 R® R® t MS | i
(min) | (M+H) Method
) \O
N ! .
</ N\
3015 _N>—S F 88 | 6662 | 59A
(0]
|
TABLE 4
Rz/o COOH
sti;[N/Rs
“cH,
Cod R 3 5 tr MS Synthetic
p R R (min) | (M+H) | WMethod
SR o
o) &
4001 | N F 7.9 574.3 46A
N\¢N (l)
\O
4002 ! SN H k( 77 | 5073 71A
N T
A o
4003 _N H K[ ‘ 75 | 507.3 72A
Ay \O
A S~
4004 w H 6.1 | 5043 60A
!
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CH3 ON N 1167 NF 8.2 [M662.2 H 44B O CH3 182 WD 2009/ 076747

PCT/ CA2008/ 002107 Cpd R20 R3 RS R6 tR M5 (mn) (MtH)' Method 1168 F 6.7
683. 3 56Av0\2009/0761BH3 O 1169 N F 6.4 674.3 68B CH3 O RCTAAZ2008M02$677. 8
638.2 45A N O CH3 O HO 1171 F 7.5 615.2 81A OCH3 0 1172 F 8.4 627.2
69A O CHa O ~\N 1173 NF 8.0 664.2 69A O CH3 O 1174 NNN F 7.2 664.2 69A

It , O'CH3

Cpd R2 R RS t..; MS Synthetic
(min) | (M+H)" | Method
~
. (0]
S
4005 W/ H 58 | 4633 60A
\_N
(o]
|
@ R
4006 \ H K( 85 | 506.3 73A
(o]
J
\O
4007 H K( ‘ 64 | 5553 61B
(o]
|
AY \O
4008 (j/ H K( ‘ 59 | 4503 47A
O 0
|
CF,
| \O
e
4009 No N F 8.1 587.3 48A
\( )
AN |
CF,

e :
4010 F \ 82 | 6313 48A

4011

I N O/ 65 | 5832 618
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O 1175 N Nei F 6.8 638.2 74A O CH 183 WD 2009/ 076747 PCT/ CA2008/ 002107
Cpd R20 R3 R5 1, -ms R6 (mn) (MrH) + Method 1176 V ~° N F 8.1 674.3 44B
CH3 N 11W®3 2009/07674M-N~/ F 7.7 648.2 45A CH, NN 1178 \ REFCAZOMR/ID2062. 2 45A
CH3 1179 HH I \ 7.3 529.2 6A CH3 184 WD 2009/ 076747 PCT/ CA2008/ 002107
TABLE 2 CF3 R3a O COON R20 X N'IR R3b OR6 Cpd R2 R3a R3b X R5 R6 tR Ms
Method (min) (MrH) N-N 2001 NHF N 7.6 594.3 35A 2002 NNNF HN 7.3
594.3 36A

2 3 5 tr MS Synthetic
Cpd R R R (min) | (M+H)" | Method
R o
O \\
4012 l N F 6.6 573.2 61B
~N ?
4013 H ~ O/ 6.4 565.2 61B
\O
4014 H k[ 65 | 6112 79A
(0]
|
\O
4015 H KE ‘ 6.1 611.2 79A
(o]
l
\O
4016 H K( ‘ 56 663.2 75A
Q
l
FF
3
\_& o
4017 N H K( ‘ 4.9 5952 76A
0
FF l
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o0 2003 NM HCH7.8619.2 70B 1~0 5 185 WD 2009/ 076747

PCT/ CA2008/ 002107 TABLE 3 CF3 0 COOH R20 | R | / NR5 CH 3 Synthet Cpd
R20 R3 RSWOROMB76TTN) (MrH) + Method 3001 F N H 5.2 657PETRA2008M0000 3002
Lis- H6.4 621.3 38A 0 3003\ H5.0 629.3 38A 0 3004 NH 6.3 616.3 38A ~
/N o o 3005 N-NHG6.4 605.3 39A O 3006 NN H 6.1 605.3 39A N J 186 WO
2009/ 076747 PCT/ CA2008/ 002107 C d R20 R3 R5 tR M5 Synthet p (min) (M-H)*

i C

2 3 5 tr MS Synthetic
Cpd R R R (min) | (M+H)* | Method
\O
4018 H k( \ 56 | 6731 77A
0]
|
FE
\O
4019 H K[ ‘ 50 | 609.2 78A
0O
|
FE
\O
4020 H K( ‘ 53 | 6352 78A
0
|
FE
\O
4021 F k[ ‘ 8.3 628.3 48B
o]
|

Each of the references, including all patents, patent applications and publications,
listed in the present application is incorporated herein by refercence in its entirety, as
if each of them is individually incorporated. Further, it would be appreciated that, in

5 the above teaching of invention, the skilled in the art could make certain changes or
modifications to the invention, and these equivalents would still be within the scope
of the invention defined by the appended claims of the application.
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Method o

Br 3007 )] NF 6.9 740.2 59A 3008 F NF 5.5 675.4 57B F o O
3009 NF 6.6 623.3 57D 0 o 3010 /N-" F 1~01 6.3 623.3 57D N J O 3011
6.5 639. 3Wb2M09/0768B70 3012 S F 6.1 667.3 58A o0 3013 N PCF/CA20080021038A O

0 3014 NF 6.5 634.2 58A /N o 187 WO 2009/ 076747 PCT/ CA2008/ 002107

Synthet Cpd R2 R3 R5 tR MS (nin) (MrH)+ Method / 3015 CN 5 F 6.8 666. 2

50A N O TABLE 4

10

15

20

25

30

CLAIMS

1. Anisomer, racemate, enantiomer or diastereomer of a compound of formula

(1):

R3a
X COOH
R N” 3
58
)

wherein:

X is selected from O and S;

R? is Het or aryl, optionally substituted with 1 to 5 R? substituents, wherein R? in
each case is independently selected from:

a) halo, cyano or nitro;

b) R’,-C(=0)-R’, -C(=0)-0-R’, -O-R?, -S-R’, -SO-R’, -SO,-R’,
-(C+.6)alkylene-R’, -(C,.¢)alkylene-C(=0)-R’,
-(C1.6)alkylene-C(=0)-O-R’, -(C,,)alkylene-O-R”, -(C,)alkylene-S-R’,
~(C1.6)alkylene-SO-R’ or -(C+.¢)alkylene-SO,-R”;
wherein R’ is in each instance independently selected from H,
(Cie)alkyl, (Coe)alkenyl, (Cas)alkynyl, (Cq.)haloalkyl, (Cs.7)cycloalkyl,
(Cs.7)cycloalkyl-(C¢)alkyl, aryl and Het;
wherein the (Cqg)alkyl, (C.¢)alkenyl, (Cs.s)alkynyl, (C4s)haloalkyl,
(Csy)cycloalkyl, (Cs7)cycloalkyl-(Cq.g)alkyl, and (Cq¢)alkylene are
optionally substituted with 1 or 2 substituents each independently
selected from —OH, -(C.s)alkyl (optionally substituted with
-0O-(C4)alkyl), halo, -(C4s)haloalkyl, (Cs.7)cycloalkyl , -O-(C4.g)alkyl,
cyano, COOH, -NH,, -NH(C.s)alkyl, -NH(C3.7)cycloalkyl,
-N((C1.4)alkyl)(Cs.7)cycloalkyl, -N((Cy.4)alkyl), aryl, -(C4.)alkyl-aryl, Het,
-(C1)alkyl-Het; and
wherein each of the aryl and Het is optionally substituted with 1 to 3
substituents each independently selected from:

i) halo, cyano, oxo, thioxo, imino, -OH, -O-(C)alkyl,
192
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R2,,10 COONi s RB3/ NCRCH3 Cod R R3 R5 tR M5 Synthetic (mn) (MH)+
Method CF3 0 4001 F 7.9 574.3 46A NON 4002 H 7.7 507.3 71A iN o 4003 ffN
H 7.5 50W®8 26®A74% 4004 H 6.1 504.3 60A 188 WD 2009/ 0PETAA2008/002107
PCT/ CA2008/ 002107 Cpd R2 R3 R5 tR M5 Synthetic (mn) MrH + Method 0 S
4005 H 5.8 463.3 60A N 1~-0 O 4006 H 8.5 506.3 73A CF3 0 4007 OH 6.4
555.3 61B iN 1~01 o0 4008 H5.9 450.3 47A r, | OO
-O-(C16)haloalkyl, (Cs.7)cycloalkyl, (C1s)haloalkyl,
-C(=0)-(C1.s)alkyl, -SO,(C1.¢)alkyl, -C(=0)-NH,,
-C(=0)-NH(C..4)alkyl, -C(=0)-N((C1.s)alkyl)z,
-C(=0)-NH(Cs.7)cycloalkyl,
5 -C(=0)-N((C1.4)alkyl)(Cs.7)cycloalkyl, -NH,, -NH(C1.4)alkyl,
-N((C1.4)alkyl),, -NH(C3 7)cycloalkyl,
-N((C1.4)alkyl)(Cs7)cycloalkyl or -NH-C(=O)(C1.4)alkyl;
iiy (Cq.s)alkyl optionally substituted with —OH, -O-(C,s)haloalkyl, or
-O-(Cqg)alkyl; and
10 iii) aryl or Het, wherein each of the aryl and Het is optionally
substituted with halo or (C4)alkyl; and
c) -NR®R? -C(=0)-N(R®R?, —0-C(=0)-N(R®R®, -SO,-N(R*)R?,
-(C1.6)alkylene-N(R®)R?, -(C1.¢)alkylene-C(=0)-N(R®)R®,
~(C1.5)alkylene—0O-C(=0)-N(R¥R?, or -(C1.)alkylene-SO,-N(R¥R?;
15 wherein the (C,s)alkylene is optionally substituted with 1 or 2
substituents each independently selected from —OH, -(C4.)alkyl, halo,
-(C5)haloalkyl, (Cs.7)cycloalkyl , -O-(C¢)alkyl, cyano, COOH, -NH,
-NH(C,4)alkyl, -NH(C;.7)cycloalkyl, -N((C1.4)alkyl)(Cs.7)cycloalkyl and
-N((C1.4)alkyl);
20 R® is in each instance independently selected from H, (Cq.¢)alkyl and
(Cs.7)cycloalkyl; and
R? is in each instance independently selected from R, -O- (Cy.s)alkyl,
-(C15)alkylene-R’, -SO,-R’, -C(=0)-R’, -C(=0)OR’ and
-C(=O)N(R*R’; wherein R and R?® are as defined above;
25 or R® and R®, together with the N to which they are attached,
are linked to form a 4- to 7-membered heterocycle optionally further
containing 1 to 3 heteroatoms each independently selected from N, O
and S, wherein each S heteroatom may, independently and where
possible, exist in an oxidized state such that it is further bonded to
30 one or two oxygen atoms to form the groups SO or SO;;
wherein the heterocycle is optionally substituted with 1 to 3
substituents each independently selected from (C1.)alkyl,
(C1.e)haloalkyl, halo, oxo, —OH, SH, -O(C¢)alkyl, -S(C.s)alkyl,
(Csr)cycloalkyl , -NH,, -NH(C.g)alkyl, -N((C.¢)alkyl),,
35 -NH(C;.7)cycloalkyl, -N((C1.4)alkyl}(Cs.7)cycloalkyl, -C(=0)(C,¢)alkyl
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CF3 0 4009 N, NF 8.1587.3 48A 0 N CF3 0 N/N 4010 ~' F 8.2 631.3 48A
7 NO CF3 4011 OF 6.5 583.2 61 B / N npo,, 189 WD 2009/ 076747

PCT/ CA20080Q0@107747Cpd RZ R3 R5 tR M5 Synthetic (nin) MpEI/AuBsioeio7 CF3 o
4012 F 6.6 573.2 61 B ~N o CF3 4013 H 6.4 565.2 61 B moo',, iNCF3\O

S 4014 H6.5 611.2 79A N-N N CF3 r-~O

and -NHC(=0)-(C4.)alkyl;

R’, R* and R are selected from H, halo, CN, (C+.s)alkyl, -OH, -0O-(C4.4)alkyl, -S-(C;.
a)alkyl, -NHz, -NH(C4.4)alkyl, -NH(Cs.)cycloalkyl, -N((C1.4)alkyl)(Cs.7)cycloalkyl)
and -N((C1.s)alkyl),;

5 R®is R* mono-, di-, or tri-substituted with O-R%,
wherein R* is (C..e)alkyl, (Cs7)cycloalkyl, (Cy.)alkyl-(Cs.)cycloalkyl, aryl,
(Ci6)alkyl-aryl, Het or (C,.)alkyl-Het, each R*! being optionally substituted
with (C1e)alkyl, (Cs.7)cycloalkyl or (C1.6)alkyl-(Cs.7)cycloalkyl; and
R* is (Cye)alkyl, (Cs.7)cycloalkyl, (Cy.6)alkyl-(Cs)cycloalkyl, aryl, (Cir.e)alkyl-
10 aryl, Het or (C4.)alkyl-Het, said aryl and Het being optionally substituted with
(C1.e)alkyl or O-(Cyg)alkyl;

R%is (Cs.r)cycloalkyl, (Cqg)alkyl-(Cs7)cycloalkyl, aryl, (Cie)alkyl-aryl, Het or (Cy¢)alkyl-
Het, being optionally substituted with 1 to 5 substituents each independently
selected from halo, (C+.¢)alkyl, (C4.c)haloalkyl, (Csz)cycloalkyl, -OH, -SH, -O-(C,.

15 s)alkyl, -8-(C_4)alkyl and -N(R*)R?®; wherein R® and R® are as defined above; and

Het is a 4- to 7-membered saturated, unsaturated or aromatic heterocycle having 1
to 4 heteroatoms each independently selected from O, N and S,ora7-to
14-membered saturated, unsaturated or aromatic heteropolycycle having
wherever possible 1 to 5 heteroatoms, each independently selected from O,

20 N and S; wherein each N heteroatom may, independently and where
possible, exist in an oxidized state such that it is further bonded to an oxygen
atom to form an N-oxide group and wherein each S heteroatom may,
independently and where possible, exist in an oxidized state such that it is
further bonded to one or two oxygen atoms to form the groups SO or SO,;

25  or a salt or ester thereof.

2. The compound according to claim 1, wherein X is O, and R?, R®, R® R® R®,

and R® are as defined in claim 1.

30 3. The compound according to claim 1 or 2 wherein R? is aryl, optionally

substituted with 1 to 5 R? substituents, and R? is as defined in claim 1.

4.  The compound according to claim 1 or 2, wherein R? is phenyl or Het each

being optionally substituted with 1 to 3 R? substituents, wherein R® is as defined in
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4015 S H6.1611.2 79A NN N=NCF3 O S 4016 NH 5.6 663.2 75A F F O 1~1
4017 H 4.9 595.2 76A 0 F F 190 WO 2009/ 076747 PCT/ CA2008/ 002107 Cpd R2 R3
R5 tR M5 womévat7sm7(mn) MeH i Method Br O S 4018 QNPEHTEAR0@GAB210777A O
FFHCO S4019 NHS5.0 609.2 78A F F O S 4020 H5.3 635.2 78A NF F

CF3 o

claim 1; and Het is a 5- or 6-membered aromatic heterocycle containing 1 or 2 N
heteroatoms, or a 9- or 10-membered bicyclic heteropolycycle containing 1 or 2 N
heteroatoms.

5 5. The compound according to claim 1 or 2, wherein R? is Het: and Het is a 5- or
6-membered aromatic heterocycle containing 1 or 2 N heteroatoms, or a 9- or 10-
membered bicyclic heteropolycycle containing 1 or 2 N heteroatoms; wherein Het is

optionally substituted with 1 to 3 R% substituents, and R% is as defined in claim 1.

10 6.  The compound according to claim 5, wherein R? is Het selected from the

group consisting of:

=

?

NS
N

and wherein Het is optionally substituted with 1 to 3 R?® substituents as defined in

15 claim 1.

7.  The compound accoding to claim 4 wherein R? is of the formula:

21 21
R R
\ \
\ \
\ \
\ \ \

_~N

RZO R20

or

20 R*is selected from H, halo, (C+.)alkyl, (C1s)haloalkyl, (Cs7)cycloalkyl and -O-(C;.

e)haloalkyl; and R? is as defined in claim 1.

8.  The compound of any one of claims 1 to 7 wherein R? is selected from:
b) R, -(Cie)alkylene-R’, -(Cye)alkylene-O-R’, ~(C,.¢)alkylene-S-R:
25 wherein R is in each instance independently selected from H,
(Cy.)alkyl, (Cy.)haloalkyl, (C;.7)cycloalkyl, (Csz)cycloalkyl-(Cqg)alkyl,
aryl and Het;
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N 4021 F 8.3 628.3 48B CO) Each of the references, including all patents,
patent applications and publications, listed in the present application is
i ncor por awedodvarreisn by refercence in its entirety, as iPCT&aChosmo2tonem i s

i ndividually incorporated. Further, it would be appreciated that, in 5 the
above teaching of invention, the skilled in the art could nake certain
changes or nodifications to the invention, and these equivalents would
still be within the scope of the invention defined by the appended cl ai ns

of the application. 19Wh¥i@in2tﬂ9%psjﬁiﬂ7(cﬁ’§ﬁél%2§10@13%§ldl@aﬂkyl Qbé;)w‘u&alkyAn
| somer, racemate, enan tereone formula (I):

5 R3a RZ, X COON R3 /E%@g?kyh@&déc allcylsne %@PB?W?"YR”?%'%J%%# Witk 4@ £rom 0 and

S; b1? [«’2 Its He\tNh or ar stRuzbsﬂt@ieht%fb’ﬂchYno%bbﬁddrﬁlylgélécféﬁFt’ﬁml—(le -l'@cﬁgélk |f )
substituents erein in eac se is in nden el ec rom a
hal 0, cyano or nitro; 9t ipngllwsujost)tut;eg)mﬁg O & hﬂaloq(&(;h@ﬂk -O-R -SR

-SOR -H2-R (Cl 6bcasl7j@yb|eaey|R70 (e(,gzal}gﬁ)@bkalm@HC(m@) NR?(& l)‘éiky|
-(CL.6)al kylene-C(=0 -O- R7, - yﬂ( ﬁl ene-O-R7, - al kyl ene- S
-(C1_6) al kyl ene- SO R7 d\lHLC(a@EV%?%{'f yNE ea)ﬁbw(ﬁw)cmkéd NREalkyhe 'és'&zh

I nstance i ndependent|y_ (@gtl,)gmqq.;gtférg;n H, (Cl.6)al kyl, (C2.6)al kenyl,
(C2_6)al kynyl, (C1_6)haloal kyl, (C3_7)cycloal kyl,
(C3_7)cycl oal kyI ( C1_6YVaeney eacé theg ﬂ%t“etmomé?@ﬂ svbstitated@iithg) 1 Xy | |,

(C2_6) al kenyl, (C2.6) alkystilents(dath MdeBLARNKY selected from:
10 i) halo, (Cs.7)cycloalkyl, (C4¢)haloalkyl, -C(=0)-NHs,,
-C(=0)-NH(C1.4)alkyl, -C(=0)-N((C1.s)alkyl),
-C(=0)-NH(C;;)cycloalkyl,
-C(=0)-N((C1.4)alkyl)(Cs.7)cycloalkyl, -NH,, -NH(C_4)alkyl,
-N((C1.4)alkyl),, -NH(Cs.7)cycloalkyl,
15 -N((C1.q)alkyl)(Cs.7)cycloalkyl or -NH-C(=0)(C4.4)alkyl;
i) (Cqs)alkyl optionally substituted with —~OH, -O-(C1¢)haloalkyl, or
-O-(Cy.g)alkyl; and
i) aryl or Het, wherein each of the aryl and Het is optionally
substituted with halo or (C,)alkyl; and
20 ¢) -N(R*R? or -(Cy.)alkylene-N(R®)R?; wherein the (Cy.)alkylene is
optionally substituted with 1 or 2 substituents each independently
selected from —OH, -(C)alkyl, halo, -(C1.¢)haloalkyl, (Cs7)cycloalkyl ,
-O-(Cig)alkyl, -NHz, -NH(C,.4)alkyl, -NH(C;.7)cycloalkyl,
-N((C+.s)alkyl)(Cs.7)cycloalkyl and -N((C4.4)alkyl),;
25 R® is in each instance independently selected from H, (C45)alkyl and
(Cs.7)cycloalkyl; and

R? is defined as R’, wherein R” is as defined above.

9. The compound according to any one of claims 1 to 7 wherein R? is selected

30 from:
b) R’ or-(Ci.g)alkylene-R’
wherein R’ is in each instance independently selected from H,
(Cie)alkyl, (Csz)cycloalkyl, (Cs7)cycloalkyl-(Cy.6)alkyl, phenyl and Het;
wherein each of the phenyl and Het are optionally substituted with 1
35 to 3 substituents each independently selected from:
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(C3_7)cycloal kyl, (C3_7)cycl oal kyl -(C1_6)al kyl, and (CLl.6)al kyl ene are
optionally substituted with 1 or 2 substituents each independently
sel ect ed Wwoanms/o@b447- (C1_6) al kyl (optionally substitut edPairtdaz2008/002107
-O(Cl1.6)al kyl), halo, -(Cl1_6)hal oal kyl, (C3_7)cycloal kyl , -O (CLl_6)al kyl,
25 cyano, COOH, -NH2, -NH(C1.4)al kyl, -NH(C3_7)cycl oal kyl,
-N((C1_4)al kyl) (C3_7)cycl oal kyl, - N((C1_4) aI kyl)2, aryl,

-(G1_6)al kyl-aryl, Het, -(CL.6)alkyl- and wherein each of the aryl
and Het is opti onal | y §UH§IB'(U:-§8@90I8!IWT' (@; g)ﬁa|3a|k§|u1@§£®)*_uﬂgts each

i ndependent |y sel ected from m cyano, 0xo, thioxo, imno, -OH,
-0 (C1_6)al kyl, 192 WO 20095P& CP@?U‘M?@)‘NG§1O?”<Y')20(C1 6) hal oal kyl ,

(C3-7)cycl oal kyI (C1-6) hal ggk )(NH(C yc%‘l‘ pl 6) al kyl , -SOZ(Cl 6) al kyl ,
-C(=0 -NH2, -C(=0 -NHC1- 4)a| Cl-4) al

- ¢(=0) - NH( C3- 7) cycl oal kyl , d%ﬁﬂ@@@y)&v%%@%cﬁ% N Coarkyh , - NH2,
-NH(CL-#)gl kyl, N((Cl_4)al lﬂ/(k ) Rjalk QBT Soeloamliky!
-N((C1- 4)a| kyI)(CS 7)cycl oal =9 (C (C1-6)al kyl
optional ly substituted withN (&4 )l (GriysRal YJé’lr 'T' C(OP (C4 @awilare; al kyl ;
and 10 iii) aryl or He |_spd i gnal |
substi t ut eZ:I W %/h hal o ﬁo)r(( ﬁ&t%gﬁyﬁﬁgﬁtgéd@% 5 Otwéf)'hgbgmg'kg? Y
-0 C(=0) - N(R8)R9 - S02- N( R8Y®&1-0)alkyt1 - 6) al kyl ene- N(R8)

(CL-6)al kyl ene-C(=0) - phéfBe et (Shidlal fophene- O O( =0 - N(R8) R9, or

-(C1-6)al kyl ene- SO2- N(R8) R9; 15 wherein the (C1-6)al kyl ene |s optlonally
substituted with 1 or 2 substltuentsHeac epend ntIM from-COH,
-(C1-6)al kyI hal o, @6 @a{ 7) ycl/oal yI g 9al kyl ,
cyano, COOH, - NH2,

- N( ( C1- 4}l kyI)(CS 7)c | oal ky and Ni(Cl 4 aI ky 2; 20 R8 is 'n each

i nstance i ndependently sel ect eq fromH, (CJH 6) al kyl and (C3 7) cycl oal kyl ;

and
\ j (> /? SVN S\%

QQOC“)
QQ J Jm

SORE %
0 dn G de
‘08 oo,

c) -NRYR®or -(C1_6)alkylene-N(R8)R9,

15
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RO is in each instance independently selected fromR7, -0- (Cl-6)alkyl,
-(C1-6)al kyl ene-R7, -S02-R7, -C(=0-R7, -C(=O OR7 and -C(=0 N(R8)R7;
wher ei n Ryoana/R874ar e as defi ned above; 25 or R8 and RIOpcCrapebdsan2mit h the
N to which they are attached, are linked to forma 4- to 7-nenbered
het erocycl e optionally further containing | to 3 heteroatons each
i ndependently selected fromN, 0 and S, wherein each S heteroatom nay,
i ndependently and where possible, exist in an oxidized state such that it
is further bonded to 3R®®rieeath ihsmanoxingeperateatipsdlectédiromtthéCgsalkipgan&O or
SO2; wherein the heterocycl ﬁ{i olgtl'k@_nal y substituted wwth 1 to 3
substituents each i ndepende 3t7ff &RP'8Et from (Cl-6)al kyl,
(C1_6) hal oal kyl , hal o, RbisalefinéHas RH,wheXiCR 69 a8 defined 286l - 6) al kyl ,
(C3-7)cycloal kyl , -NH2, -NH(Cl-6)al kyl, -N((Cl-6)alkyl)2, 35
-NH( C3- 7) cycl oal kyl, -N((C1-4)alkyl)(C3-7)cycloal kyl, -C(=0 (C1_6)al kyl
193 WO 2009/ 99,67 #He E’&ﬁﬁ&&ﬁ%%%b@g%k%nyendof&u@(s—ﬁb A HerBhRR Y seldded R3a and
R3b are selected fromH, halo, , (Cl_4)alkyl, -CH -0O(C1.4)alkyl,
-S(Cl_ 4)al®yl, -NH2, -NH(Cl_4)al kyl, -NH(C3_7)cycl oal kyl ,
-N((C1_4) al kyl )(cg 7;@/939@9“1@7 and -N((C1_4)alkyl)2; 5 R5 is R51 nono-,
di-, or tri- substltutec] 70 2, wherein R51 is (Cl_6)al kyl,
(C3_7)cycl oal kyl, (C1 Waﬂel@y'? is et ayharein dhg Retis aeﬁ’WfS m%f@ﬁere§/ hetepacyeley| |
Het or (Cl.6)al kyl - Het corﬁéﬁﬁ#ﬁ 35(8 4%@1%@%' Qétﬁh' ihde fﬂd@éﬁtlytéété%fﬁd ¥k N _
(C1_6)al kyl, (C3_7)cycloalk Cl 6)al k cycloal kyl; and R52 is
(Cl 6)al &I, (C3 7) cycocmd@mr H(em aa%mﬁ;@rm@memﬁ@ﬁtﬁrmlwcle caitaining 1
(C1_6)al kyl- 10 aryl, ei ng

tdes hﬁéro%g:}nsg)eahﬁh:deb&{dan?ﬂ @gﬁomw d"Sﬁd 5

optionally substltuted W t al ky

(C3_7)cycloal kyl, (C1 wyanemao@(whert)ewtqr@mayymdemnﬁlenﬂy(m Vel n9$sﬂde,y| Het
Cl. 6) al kyl - Het t t t

cach i ndependent |y sepioingnxBRe see HiihattiERrier Boddcdlo an it tuent s

(C3_7) cycl oal kyl , OH atOSHO formp AT~ oxids arpup Ryd whersu(@phzs mtﬁwtoammay

- N(R8) R9;5 wherein R8 apd RS, ah \gﬁér'ega%gsﬁlgo st lr‘?"Ql"}iomFEé%bl%téa‘su%h tl’ié:i

7- rrenbered sat ur at ed, unsaturate or aromati c eteroc o avl n
het er oat ons each mdepélﬁf@ﬁ%@b@de‘étﬂw grityeoRygeN amms@fom the QTOUWS)SO

or SO,;
wherein the Het is optionally substituted with 1 to 3 substituents each
independently selected from halo, cyano, oxo, imino, -OH,

20 -O-(C,5)alkyl, -O-(C4g)haloalkyl, (Cs.7)cycloalkyl, -NH,, -NH(C4.4)alkyl,
-NH(C3.;)cycloalkyl, -N((C+.4)alkyl)(Cs.7)cycloalkyl, -N((C,.4)alkyl),,
-NH-C(=0)(C,.4)alkyl, (C45)alkyl and Het, wherein the Het is a 5- or 6-
membered heterocycle containing 1 to 4 heteroatoms, each
independently selected from N, O and S.

25

11. The compound according to any one of claims 1 to 7 wherein R¥ is selected

\ N:\_ N= AN HO \O >
A I e e
H7 :’ :’ }—.7 k) ¥ '
N
72 ) 2 \
R T
N N=N 0 / .

from:
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14- menber ed saturated, unsaturated or aromatic heteropol ycycl e having
wherever possible 1 to 5 heteroatons, each independently selected fromO,
20 N and 80 20#var7ei4m each N het er oat om may, i ndependent | PCRraA20486002107
possi bl e, exist in an oxidized state such that it is further bonded to an
oxygen atomto forman N-oxide group and wherein each S heteroatom may,

i ndependently and where possible, exist in an oxidized state such that it
is further bonded to one or two oxygen atonms to formthe groups SO or SQ2;
25 or a salt or ester thereof. 2. The conmgound according to claim1,

wherein Xis 0, and R2, R3, R3a R3b, R5, d R6 are as defined in claim
1. 30 3. The conpound accdrd i'ng to claim % mherelq)RZ is aryl,
optionally substi

th 1 t0 5\R20 s uent and R20 is as defined
inclaiml. 4. Thexco d accordi gy tio a|n11 or 2 ierein R2 is phenyl

or Het each being optiofally su Ituted’with 1 to 0 substituents,
wherein R20 is as\Qe d |n 194 WO 2009/076747 PCT/ CA2008/ 002107 cl aim
1; and Het is a 5- aronatlc heterocycle containing 1 or 2 N
het er oat ons, or a 9- 10 ne ere b|c eterop ol cle containing 1
or 2 N het eroatoms,: S The orrp ind accor dj ng to Tor 2, wherein
R2 is Het; and Het is a 5 or nbered ar matic ﬁete ocycl.e contalnlng 1
or 2 N heteroatons or - or - ered bicyclic heteropo|ycycle
containing 1 or 2 heteroatons mh rein—Het is opti onal 14 substituted
with 1to 3 R20 SG%QG|t anq S as N\ ed in$ \|n11 10 6. The
conpound accordi ng tQ—QfE??}5L mh%rein R2 i s (et selec\gg Mromthe group
consisting of: \ /sl N "I | A ONand NN and wherein Het is

optionally substituted with 1 to 3 R20 substltuents as defined in 15 claim

1. 7. The conpound acco@ing to cIa|n1 erein R2 is of the fornmula: R21
R21 — /r—j

N L \ N—N

Y * @

N—~N /0

/L\/> //N /,/\ N;L/ﬁ\\/)\
o

s ) .
‘el Q(Q( Yl
. \/N N\\——//N

o law T

/ N

SN N |
/Lui\/}—L \h\l)%/[}_\; EN’N—\_
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R20 N R20 or 20 R21 is selected fromH, halo, (Cl_6)alkyl,

(C1.6) hal oal kyl, (C3_7)cycloalkyl and -O(C1L_ 6)hal oal kyl; and R20 is as
defi ned iwoch@ats47 8. The conmpound of any one of clai MPCT/CtA0/ 00k ei N R20
is selected from b) R7, -(Cl_6)al kylene-R7, -(Cl.6)alkyl ene-OR7,
-(Cl.6)al kyl ene-S-R7; 25 wherein R7 is in each instance independently

sel ected fromH, (Cl 6) al kyl , (C1.6)hal oal kyl, (C3_7)cycloal kyl,
(C3_,)cycloal kyl -(C1.6)al kyl, aryl and Het; 195 WO 2009/ 076747

PCT/ CA2008/ 002107

rein the ( )al kyl , (Cl1._6) hal oal kyl},
(C3_7)cycl oal kyl , £C3\Y)cycl oal k | - &C1_6) aI kyf, &and (CL. | kyl ene are
optionally substlt ted’w t\h 1. o\ 2 /Sﬁ%ﬁt_:it .uengs _\h_lndepe d y
selected from - CH, ) yl optionalTy substituted with"™ i

-O-(Cl_6)al kyl, halo, -(Cl.6)haloal kyl, 5 (G3. f) cycl oal kyl , -O(Cl 6).al kyl ,
cyano, COOH, - NH2, Cl_4)al kyl, =-N HC3_7)cycl oafyl |

-N((C1_4)al kyl ) ( al kyl , Ya (Cl/Zr)_a,I kyl ) Cl _6)al kyl -

and wherein each of and’ Het optio i tuted Wlth1t03
substituents each 4 ndependently gctétl from 10=)/ hdlo,

(C3.7)cycl oal kyl, (C1. 6) haI oal kyl, -C(=0O-NH2, -C(=0-NH(C1 4flal kyl ,
-C(=0-N((C1.4) aI Kk =0) - NH(C3 7)cycl oaI kyl ,

-C(=0 -N((C1_4) al kyl ) )cycl oal kyl, -NH2, - NH( Cl_4) al kyl ,

-N((C1_4)al kyl) 2, Cc3_ _7)cycloal kyl, 15 - N((Cl. 4) al kyl ) (C3_7) cycl oal kyl
or -NHC(=0)(Cl_4) aI kyl; 1i) (Cl1_6)al kyI optionally substituted with -OH,

-O(Cl.6)haloal kyl, or -O(Cl _6)alkyl; and iii) aryl or Het, wherein each
of the argl and Het is optionally substituted with halo or (Cl_6)al kyl;
and 20 c) -NﬁR$)R9 or -(Cl 6)al kyl ene-N(R8) R9; wherein the (ClL 6)alkylene
is optional 1% SEB%P?'PH‘?W—%CPW'@ tgclaim gy whetein RnissH @4 S s. and b e cRsnt | y

sel ect ed frogefirfblin atydndoralidivs 8, 9adPor +1( CL. 6) hal oal kyl, (C3_7)cycl oal kyl ,

13. The compound according to any one of claims 1 to 12, wherein R® is selected
10 from H, halo, CN, (C14)alkyl, -O-(C,.4)alkyl and -N((C1L4)alkyl)2.

14. The compound according to claim 13, wherein R® is selected from H, F, Cland
CH..

15 15. The compound according to any one of claims 1 to 14, wherein R* is selected
from H, halo, (C44)alkyl and CN.

16. The compound according to claim 15, wherein R is selected from H, F and
CHs.

20
17. The compound according to any one of claims 1 to 16, wherein R*® is selected
from H, halo, CN, (Cy4)alkyl, -O-(C4.4)alkyl and -N((C4_4)alkyl),.

18. The compound according to claim 17, wherein R* is selected from H, F, Cl,
25 CH;and CN.

19. The compound according to any one of claims 1 to 18, wherein R® is R*! mono-
, di-, or tri-substituted with O-R*, wherein R* is (C1,)alkyl, (Cs.7)cycloalkyl,
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-O(Cl_6)al kyl, -NH2, -NH(Cl _4)al kyl, -N H(C3_7)cycl oal kyl,

-N((C1_4)al kyI)(C3 7)cyc|oal kyl and -N((Cl1_4)al kyl)2i 25 R8 s in each

i nst ance wodepartermnt | y sel ected fromH, (Cl_6)al kyl andprct@i2d)saweziooal kyl ;
and RO is defined as R7, wherein R7 is as defined above. 9. The conpound
according to any one of clains 1 to 7 wherein R20 is selected 30 from b)
R7 or -(Cl_6)al kyl ene-R7 wherein R7 is in each instance independently
selected fromH, (Cl_6)alkyl, (C3_7)cycloalkyl,

(C3.7)cycl Oa{)d&glam&ﬁ%iﬁ}cgé éé(lkylté)r?eg}ﬁ aMEHet omg 6)%|kgl -BEC BaH RY RRirgheny |

and Het are stituents each
i ndependent | Wt@eawb@étltﬂt@rwlthl(%e)WIZ6@970&!(7'6?”4)7} op(St/-iot (8- yolealiyl i ) hal o,

(©_1) oyel oa ik d (1, AL CaNSKeaio/CIG Ao, KBAGNKCTe Atk

C( =0) - N( ( C1Heét @l (Ry.)pik@Her) said bryhbd/Het baigpoptionpifyGubsituterywith (§1.s)alkyl or
N((C1_ 4)§I ké bz yalk H(C3 7)cycloal kyl, -N((Cl_4)al kyl)(C3_7)cycl oal kyl or
NH- C(=O) 7 C1. Af) ?Ey and ii) (Cl_6)a| kyl optionally substituted with -OH,

O(Cl 6) hal oal kyl , or -0 (CLl_6)al kyl; wherein the Het is selected from H

{\I' g '_\I N-H N'gh Cﬂwa?rh%déé ﬁde tg%l? r?tqQOWheremN-'(d_'s Retbeily Nono-Sr gf ) N
substituted with O-R%, wherein R is (C1)alkyl, (Cs.7)cycloalkyl or (Cy.s)alkyl-
(Cs7)cycloalkyl, each R® being optionally substituted with (C4.)alkyl, (Ca7)cycloalkyl
10  or (Cqs)alkyl-(Cs.7)cycloalkyl; and
%2 is (Cy.6)alkyl, (Csz)cycloalkyl, (C+.)alkyl-(Cs.7)cycloalkyl, aryl or (Cq.¢)alkyl-aryl,
said aryl being optionally substituted with (C4.)alkyl or O-(C4.)alkyl.

21. The compound according to any one of claims 1 to 20, wherein R®is (Cs.

15 ;)cycloalkyl, (C1.)alkyl-(Cs.7)cycloalkyl, aryl, (C¢)alkyl-aryl, Het or (C+.6)alkyl-Het;
being optionally substituted with 1 to 5 substituents each independently selected
from halo, (C,)alkyl, (Css)haloalkyl, (Cs.7)cycloalkyl, -OH, -SH, -O-(C4.4)alkyl,
-S-(C14)alkyl and -N(R®R?; wherein R® is in each instance independently selected
from H, (C,6)alkyl and (C;7)cycloalkyl; and

20 R%isin each instance independently selected from R’, -O-(C+.s)alkyl,
-(C1.c)alkylene-R”, -SO,-R”, -C(=0)-R’, -C(=0)OR’ and -C(=0)N(R*)R"; wherein R’
and R® are as defined above;
or R® and R?, together with the N to which they are attached, are linked to form a 4-
to 7-membered heterocycle optionally further containing 1 to 3 heteroatoms each

25 independently selected from N, O and S, wherein each S heteroatom may,
independently and where possible, exist in an oxidized state such that it is further
bonded to one or two oxygen atoms to form the groups SO or SO,;
wherein the heterocycle is optionally substituted with 1 to 3 substituents each
independently selected from (C45)alkyl, (Cq.s)haloalkyl, halo, oxo, —OH, SH,

30 -O(Cis)alkyl, -S(C1s)alkyl, (Cs.7)cycloalkyl , -NH,, -NH(C.¢)alkyl, -N((C+.s)alkyl)a,
-NH(C;.7)cycloalkyl, -N((C4.4)alkyl)(Cs.7)cycloalkyl, -C(=0)(C,)alkyl and
-NHC(=0)-(C15)alkyl.

22. The compound according to claim 21, wherein R® is (Cs.¢)cycloalkyl, phenyl or
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/' N 07177 HNN N~INNHMNMINNN\ ~J M\ NHNN\~f f HNH
NN HCHOO\N OH HNHNH NN~ , N 15, HONNd and MWN and ¢)

- N(R8) RO wo 20¢9@zeAyal kyl ene- N(R8) R9; 197 WD 2009/ 076747 PRTIAZHBAOB10002107
R8 is in each instance independently selected fromH, (Cl_6)alkyl and
(C3.7)cycloalkyl; and RO is defined as R7, wherein R7 is as defined above.
5 10. The conpound according to any one of clains 1 to 7 wherein R20 is
selected from b) -(Cl.3)al kylene-R7; wherein R7 is Het; wherein the Het
is ab- or GHGEGmbhe@ sudktitureydihel tocosubatitaent ebch mdépémteeatlpeélemd freac h

i nde endentl ected fro 10- nenber ed
Ihet elroopol ycy @Oﬁﬁﬁ‘iy @14)h8|°ﬁ|9WeW€‘?r85'ﬁ%‘ﬁés a éa&’n% é?f@?ﬁ‘frﬁ?dsel ected

from Ei 0 andnéturawa&fr%mmaMté\domteamatgmnowtrogm@mdmd y and where
possi bl e,

5 23. The compound according to claim 21, wherein R® is phenyl, cyclohexyl or
pyridine optionally substituted with 1 to 3 substituents each independently selected
from halo, (C1.4)alkyl and (C,.4)haloalkyl.

24. The compound according to claim 1 having the following formula:

CF,

COOH
s o]
I =N s /R5
RZO R N
10 0 R

wherein R?, R?, R® and R® are defined as:

Cpd | R® R® |R® R®

1001 | H H J/ o :
=
1002 | H H J/ \O :
0
CH

1003 | H H / \O ;
Q
N “CH
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exist in an oxidized state such that it is further bonded to an oxygen
atomto forman N-oxide group and wherein each S heteroatom may, 15
i ndependemol2gosantar4arher e possi bl e, exist in an oxidi zed sCatGazsasaioztonat it
is further bonded to one or two oxygen atons to formthe groups SO or SQ2;
wherein the Het is optionally substituted with 1 to 3 substituents each
i ndependently sel ected from hal o, cyano, oxo, imno, -COH 20
-0 (Cl_6)al kyl, -O(CL1.6)hal oal kyl, (C3_7)cycloalkyl, -NH2, -NH(Cl 4)alkyl,
-N H(C3. 7) cycl g KyR?® - N((CI_4) gIgyT)RT3_7) cycl oal KYIR® - N((CI_4)al kyl ) 2i
-NH-C(=0 (Cl_#ayal kyl, (CI.6)alkyjl and Hel, wherein {he Het 1S a|5- or 6-
nmenber ed heterocycl e containing |l to ,@ eroat ons, |each i ndependently
selected from N, 0 and S. 25 11.| The| compound according to any one of
claims 1 to 7| wherein R20 i s sellected rom _ N HO| % e\"f N NN=
;2N 10 f 198| W8420d9/ 076747 PCT/HEA2008/992107 N / Om@F FF NF F~N
: “CH,

N F, Q\ Ns s-F~NCNi \ ~\[ N

S N
1005 | H H B :
Q . =
: \\\ Br
Nae
1006 | H H |
] \ _
é‘\\\\e\\ Br
: \\
1007 h;’N\ H N SN :
(o o
: ‘\
1008 N’N\ F N N :

1010 | N—N H

1009 /r;l’N H O/
i ha
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NNSNS\ ~N N NN T H,, NN_NNNNVNN NNQN NN: NNO,

O FNNN FN S ~ NNNNH , SN s=\ N NNCN/ 199 W
2009/ 076 ™0 2P@T07€A2008/ 002107 O NN F NNO/ \ | Br N pPNTEA20@800210N ~ ~ S
N

Cpd |R® R [R® R®

1011 | H H

o
I
“w

1012 | H H OY

o
T
o«

1013 | H H

(@]
o

1014 | H H j

o

1015 | H H
1016 | H H
“CH,
\O
1017 | H H )\O A |
"CH,
0 >,
1018 | H H | 7 :

o
juny
o

o
I

%)

o}
1019 | H H \Q \
o/\/\




5 12. The conpound according to claim7, wherein R21 is H or CF3, and R20

is as

defined in any one of clains 8, 9, 10 or

11. 13. The conpound

accor di ngvoao@yetane of clainms 1 to 12, wherein R3 is selCeatA2008/00010fr om H,

hal o,

ON, (Cl_4)alkyl,

-0 (CL. 4) al kyl

and - N((CL_4)al kyl ) 2.

14.

The

conpound according to claim 13, wherein R3 is selected fromH, F, d and
CH3. 15 15. The conmpound according to any one of clains 1 to 14, wherein

R31 is sel ected

according to
The conpound
sel ected

(CL_6) al kyl - (
(C1_6) al kyl - (

(C1_6) al kyl - Hi
of
wherein R5 is

(CL1. 6) al kyl
(C1.6)al kyl,

bei ng optiona

(CL_6)al kyl - (
(CL_6) al kyl - (

optionally su

according to
(C1_6)al kyl -(

fro
-N((CL. 4) al ky
sel ected from
one of clains
with O-R52, W
2009/ 076747 P
(CL_6)al kyl -a
substituted w

(C1.6)al kyl -1}

o
I
&
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fromH halo, (Cl 4)alkyl and ON. 16. The conpound
Cepd MRS, wherein RFP iBR3el ected from/IR®* F and CH3. 20 17.
accoriding to any one of{clains 1 to 16| wherein R 38b is
m H, hal o, ON, (Cl_ﬁ%alkv O (CL1. 4) alj k? _
j%@ 13. The conpoynd aceqQr dhng~o &l aijm 1 nerein Ribis
H FH C, 25 CH3|and ON. 719.° Thé conpound dccétding to any
to 18, wherein R5 is| R51 nono- , di-,éor tri-substituted
N in,R51 is (C1_@)al kyl, (C3_7)cycloal” 200 WD
%08/ 002107 (cq_e arky| “7)cy¢l oalkyl), aryl,
ryl, Het or (Cl.6)al kylfHet, each R51 heing optional |y
th (IC1_6)al kyl, (C3.7)cycloal kyl or
C3 7)lcycl oal kyl; and Rb2_i s~ (Cl_6)al kyl ,, (C3. 7) cycl oal kyl ,
C3026) Cycl oal kyl , arjyl, (Cl]6)alkyl-aryl,’ r ;
et, spid aryl and Het being.gptionally sub u&gd W th
5 O (C1_6)al kyl .| 20.| The ponpound according to ¢laim 19,
R51 being—hpoho-—of—di—substituted—wth—O-R52—wherein R51 is
J R [
C3. 7) cycl oal kyl or| (C1]6)al kyl- (C3.7)cy<| oalkyl, |each R51
hgzasulast i t ut ed wi t|iH ( CL OBy arky ) cyI kyl |; 10 or
C3_7)cycl oal kyl; and R5R is (Cl.6)al kylj, (C3. fQMPIoaIky!,
3 eyeteatkyls—aryl—or (Ci—6ral-kyl—ayt——-sai-¢—atyl being
pstituted with (C1 |6)al kyl or O (CL.6)al k 1. The conpound
amg24onid of clains 1 Ho ZO/Wn R6 i|s ( 15 7)cycl oal kyl,
8 _7)cycl oal kyl, arlyl, [Cl_6)al kyl-aryl|, He P,
1025 | H H | o~ \O :
e,
1026 | H H | ~ 0~ \O ;
“CH,
o -
1027 | H H \r N \O :
“ch,
| .| A
O “ .
1028 | H H \O
“ch,
o~ P
1029 | H H N '~\T::::
“Ch,
l
1030 | H H \O :




being optionally substituted with 1 to 5 substituents each independently
selected fromhalo, (Cl1_6)alkyl, (C1l.6)haloalkyl, (C3.7)cycloal kyl, -OH,
-SH, - O (Wb 24)%i7kilz, -S-(CLl_4)al kyl and - N(R8) R9; wher ecm/da2808/®210m each
i nstance i ndependently selected fromH, (Cl_6)alkyl and (C3.7)cycl oal kyl;
and 20 R9 is in each instance independently selected fromR7,
-O(CL.6)alkyl, -(C1_6)alkylene-R7, -S02-R7, -C(=0-R7, -C(=0)0OR7 and
-C(=O N(R8) R7; wherein R7 and R8 are as defined above; or R8 and R9,

t oget her wit h[tpe \R¥Po whi ch thdyR%arERattached, are|IR°nked to forma 4- to
7-menbered heperocycle optionallly fufthesr containing 1 to 3 heteroatons
each 25 independently selected fromN, 70 and S, wherek\pg-each S| heteroatom
may, independendg3dty| and where posdibl e, ist in an ox state such that
it is further| bonded to one or [two D n atons to|for ecgr oups SO or
SO2; wherein the heterocycle is |optipn ubstituted with 1 to 3

y
substituents each | i ndependent|y sel pected fgom (CLl_6)al kyl_,

(CL. 6) hal oal kyl .. hgl.0, oxo, -OH| SH | 30 -0 Ct_6) al kyl", 1_6)al kyl ,
(C3.7)cycl oal kyT™, | “NH2, -NH(CL1_6)al k NC£C1. 6) alikyl ) ’
-NH(C3_7)cycl pal kyl, -N((CL.4)allkyl)[C3 7)cycloal kyll, -C(=0Q (*t1]6) al kyl and
-N H C(=0-(CL.6)al kyl. 22. The jconppund according to claim21, |wherein R6
is (C5_6)cycl pal kyl, phenyl or (201 VV')K?OQ/ 076747 PCTRCA2Q08/ 002107 Het
optional ly sub4033st utied with 1 tg i spbstituents eacrndent Iy selected
from halo, (Cl_4)al kyl and (Cl.4)ha| oal Kyl ; wherein Het “andi to

7- menber ed saturated unsat uratled of aromatic heternocycle having 1 to 3
nitrogen heteroatops. 5 23. The |conppund _agcording to claim 21, |wherein Rs
i s phenyl, cycl ohexyl or pyridi|ne oply substituted with 1 to 3
substituents each | ndependently isel ected-NJom halo,| (&l-)al kyl and

(C1. 4) hal oal kyf03424H The conpoundiaccording to claim1 ng the foll ow ng
formula: CFB O- COOH R20 NR3 1 /|{N/ Rs R§ wheréimuR20, R3, R5
and R6 are defined as: Cpd R20 R3 R5| R6

1035 | H H ;
1036 | H H
1037 | H H
1038 | H H
1039 | H H ;
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N 1001 H H Br

1002 HH''CH3 1003 HH O 'CH3 202 WO 2009/076747

PCT/ CA2008/ 002107 Cpd R20 R3 RS R 6 1004 HHo 7: 1 11 ,, CH,

| Br

N IWOQod4/dA6Ta7 Br

N 1005 H H

1007 N- N N CH3 1008 N -N N CH, PCT@DQods/0b21d7N J ~0

CH 3 1010 NN\ HNOCH 3 203 WO 2009/076747 PCT/ CA2008/ 002107 Cpd R20

R3 RS R6 1011

HH
1040 | H H U
(@] S
| Cl
“",,‘ N /’/' N\
1041 | H H |
0 P
l Br
\o ‘
1042 | H H \O
“ICH,
S e N
1043 | N—N H |
i 1 ~
—N
1044 r\; \ Ho \O
Y \ CH,
1045 | F N H \O
0
F | CH,
P |- L
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pharmaceutically acceptable salts or esters thereof.

28. A pharmaceutical composition comprising a compound according to any one
of claims 1 to 27, or a pharmaceutically acceptable salt or ester thereof, and one or
5 more pharmaceutically acceptable carriers.

29. A pharmaceutical composition according to claim 28 additionally comprising at

least one other antiviral agent.
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effective amount of a combination of a compound according to any one of claims 1
to 27 or a pharmaceutically acceptable salt or ester thereof, and at least one other

antiviral agent.

35 34. Use of a compound according to any one of claims 1 to 27, or a
pharmaceutically acceptable salt or ester thereof, for the treatment of an HCV
infection in a mammal having or at risk of having the infection.

35. Use of a compound according to any one of claims 1 to 27, ora
40 pharmaceutically acceptable salt or ester thereof, for the manufacture of a
medicament for the treatment of an.HCV infection in a mammal having or at rigk of

having the infection.

36. An article of manufacture comprising a composition effective to treat an HCV
45 infection; and packaging material comprising a label which indicates that the
composition ¢an be used to treat infection by HCV; wherein the composition
comprises a compound according to any one of claims 1 to 27 or a pharmaceutically
acceptable salt or ester thereof.
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36. An article of manufacture conprising a conposition effective to treat
an HCV 45 infection; and packaging material conprising a |abel which

i ndi cat eswohaty/t7bm7 conposition can be used to treat i nfPeTtdaznosug214CV;
wherein the conposition conprises a conpound according to any one of
clainms 1 to 27 or a pharnmaceutically acceptable salt or ester thereof. 230
RECTI FI ED SHEET (RULE 91.1) WD 2009/ 076747 PCT/ CA2008/ 002107 37. A nethod
of inhibiting the replication of HCV conprising exposing the virus to an
effective anmount of the conpound according to any one of clainms | to 27, or
a salt or ester thereof, under conditions where replication of HCV is
inhibited. 5 38. Use of a conpound according to any one of clains 1 to 39,
or a salt or 85t éehmethpdefdaiiibitingdhe raplication of HEVY pempirisba eXRepingthe Mrug.to 231

RECTI FI ED SHEEd efddlidlelandinthr the compound according to any one of claims 1 to 27, or a

salt or ester thereof, under conditions where replication of HCV is inhibited.

38. Use of a compound according to any one of claims 1 to 39, or a salt or ester
thereof, to inhibit the replication of HIV.
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